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(57) Abstract 

An exercising apparatus for supporting a 
bicycle, a pivotally mounted support member 
(64, 66) connects the rear axle (12) of the bike to 
constrain movement of the axle about the pivot 
point (70) of the support member. A supporting 
roller (108), cooperates with the support member 
to support the rear wheel. A flywheel (116) and 
variable load means (112) are connected to the 
roller to simulate the inertia and variable load 
experienced during the riding of a bicycle. When 
a rider of a bicycle shifts his weight forward the 
front fork support (42) bends and the rear tire of 
the bicycle pivots toward the roller to maintain 
frictional contact between the tire and roller. 
Frictional losses are determined and the variable 
load means compensates for the losses, and 
compensation is made for the inefficiency of the 
variable load means. The heart rate is monitored 
and the load is controlled to maintain the heart 
rate within predetermined limits. 
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BICYCLE RACING TRAINING APPARATUS 

Background of the Invention 
This invention generally relates to a bicycle-type 
stationary exercise apparatus used with load control 
5 devices , display devices, and heart monitoring devices. 
The invention is particularly directed to an apparatus for 
use with a multi-speed bicycle , and is especially suited to 
train for bicycle races. 

Field of the Invention 

10 A number of present-day gymnasiums and exercise clubs 

have stationary bicycle-type apparatus , whereby a person 
can pedal a simulated bicycle as a form of exercise* 
Typically, the bicycle pedals are connected to a frictional 
device or other load in a way such that the amount of 

15 resistance can be adjusted by the person riding the 
bicycle. Typical examples of this type of stationary 
bicycle are shown in U.S. Patent Nos. 4,358,105 (the 
"Lifecycle") and 4,613,129. 

Other exercise devices are adapted so that a 

20 conventional bicycle can be mounted to an apparatus which 
supports the bicycle so that the rear wheel of the bicycle 
can rotate against a frictional load. These types of 
devices fall into several general categories, the first of 
which connects both the front axle and the bottom bracket 

25 of the bicycle to a frame in order to support the bicycle. 
The rear wheel drives against a roller which, in turn, is 
connected to a loading mechanism. One example of such a 
device is shown in U.S. Patent No. 4,441,705 to Brown, in 
which the rear wheel drives a flywheel and a variable 

30 resistance load. 

A second type of apparatus used with a conventional 
bicycle supports the rear wheel, either on a pair of 
rollers or by a fixed support at the rear axle. For 
example, U.S. Patent No. 4,596,386 to Sackl attaches to 

35 the rear axle to support the axle at a fixed distance from 
a pair of rollers. U.S. Patent No. 3,903,613 to Bisberg 
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supports the front wheel of the bicycle, while the rear 
wheel rests on a pair of rollers. 

Each of the above types of devices has numerous 
drawbacks for use as an exercise device, and as use for a 
5 training device for bicycle racing. The stationary, 
simulated bicycles, like the "Lifecycle", do not provide a 
realistic pedal resistance simulating that obtained from 
riding a real bicycle; they do not adequately simulate 
inertia, wind resistance, terrain variations, and rolling 

10 resistance. Further, this type of stationary bicycle does 
not realistically simulate the body position or the feel of 
riding a bicycle, which is not surprising because a 
standard bicycle frame is not even used. 

The devices using a bottom bracket support allow the 

15 use of a real bicycle frame, but fail to provide a 
realistic resistance and ride simulation. This type of 
equipment usually has one roller contacting the rear wheel. 

The devices using a roller or rollers to support the 
rear wheel have stability and slippage problems. If the 

20 roller is behind the rear axle, the roller must be long 
since the wheel wobbles and moves sideways as it attempts 
to constantly "fall off" the roller. If the roller is in 
front of the axle, the wheel stays centered, but does not 
maintain adequate contact during periods of maximum torque 

25 on the rear wheel. In both cases, if a realistic 
resistance is applied, the rear tire slips on the roller. 

For example, during some performance periods, the 
bicycle rider is not on the saddle, but is leaning over the 
handlebars and essentially standing on the pedals c As the 

30 weight of the rider shifts forward, the force on the rear 
wheel decreases and the weight on the front wheel 
increases, causing slipping of the rear wheel. Further, in 
this position with a bike on a bottom bracket support, the 
bicycle pivots about the bottom bracket, effectively 

35 removing the rear wheel from contact with the supporting 
roller or rollers. Thus, just when the maximum resistance 



3 

is needed to prevent slipping at the rear wheel , the rear 
wheel is at a minimum friction contact with the resistance 
rollers and slips. 

The rear wheel can be preloaded against the support 
5 roller(s), but the preload device duly constrains the rear 
wheel so as to ruin the realism of the ride, and also 
destroys the realism of the simulated resistance when the 
rider is sitting in the saddle or bicycle seat, pedalling 
at a slower speed. Further, the bottom bracket holds the 

10 frame too rigid, destroying the realism of the ride as in 
real life, the frame flexes on the wheels. 

The devices which use a pair of support rollers on the 
rear wheel not only tend to be bulky, but require 
complicated resistance mechanisms on both rollers in an 

15 attempt to achieve an appropriate resistance to the rear 
wheel rotation. Further , they do not simulate the feel of 
a real ride and may require a different balance and 
training to be able to remain upright while riding if the 
front wheel is also supported on a roller, as in the patent 

20 to Cassini, et al., No. 4,580,983. For example, if the 
front fork is fixed or supported, with two rollers on the 
rear wheel, the rear wheel wobbles and moves while the 
front is stable. In real life, the rear wheel is stable 
while the front wheel wobbles or moves. The use of two 

25 rollers still does not prevent slipping when the rider 
comes out of the saddle and leans over the handlebars to 
exert the maximum force on the pedals. The shift in the 
rider's weight still causes slippage between the rear wheel 
and the rollers. 

30 There is thus a need for a device which provides a 

realistic ride on a bicycle and a realistic resistance, 
especially so that slippage does not occur when the rider 
is standing on the pedals to obtain maximum power.- 
Further, there is a need to make such a device portable, 

35 especially one which can be used with an individual's own 
bicycle to provide the maximum realism for training 
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purposes. 

Another aspect of this invention is the realistic 
simulation of the ride and load resistance experienced when 
riding a bicycle* The load variables can include wind 
5 resistance , whether the rider is going uphill or downhill, 
the inertia of the rider and bicycle, the friction inherent 
in the bicycle itself, and the frictional resistance 
between the bicycle tires and the riding surface. 

Previous attempts to accurately replicate these 

10 various load effects have all had their drawbacks. For 
example, the effect of wind resistance has been simulated 
by rotating fan blades which are mechanically coupled to 
the rotational speed of the bicycle wheel. While the 
rotating fan blades can provide a force that increases as 

15 the square of the rotational speed of the fan blades, these 
fans are noisy, inaccurate, not readily adjustable, and 
cannot be adjusted to account for a variation in wind 
resistance that will occur with riders of different size 
and weight. 

2.0 Similarly, prior devices have attempted, to simulate 

the amount of load to be applied by either a mechanical or- 
electronic brake system. A typical mechanical brake 
involves a friction belt that wraps around a moving surface 
to cause a frictional drag on that rotating surface 

25 depending upon the tensions in the belt. These mechanical 
- systems, however, cannot be accurately calibrated, have a 
slow response time, and are subject to load variations over 
time as the elements of the mechanical system go out of 
adjustment and alignment. The mechanical systems thus have 

30 poor repeatability, high variations in drag, and are 
difficult or impossible to accurately calibrate to a given 
load. 

The electronic braking systems Ijave advantages over 
the mechanical systems, but the accuracy of the simulated 
35 ride depends upon several factors, including how accurately 
the system can be calibrated, and the realism of the 



program with which the electronic brake is varied. An 
example of variations in the simulation accuracy would be 
the wind resistance. A fan blade may simulate a load that 
varies with the speed of the bicycle wheel, but it cannot 
simulate the load resistance that varies with the size and 
the weight of the rider, or the wind load variation that 
occurs from riding at the front of a pack, or in the middle 
of a pack of other bicycle riders. Thus, there is a need 
for a more realistic simulation of load variability, and 
especially the wind load variability. 

Both electronic and mechanical braking systems are 
effective only if they are accurately calibrated, and if 
that calibration is maintained throughout the load 
simulation. Electronic systems have previously been 
calibrated by several methods, including the use of strain 
gauges, which are accurate, but very expensive and 
cumbersome to implement. Some electronic and mechanical 
systems will attempt to measure the system power output by 
the use of a device such as a generator, and then assume a 
constant system efficiency and friction in order to 
calibrate the system. This calibration system cannot 
accurately predict the frictional losses in the system or 
any variations in the friction or loads exerted on the 
bicycle and rider. This type of calibration system also 
has no absolute reference and is therefore difficult to use 
in predicting performance under variable conditions. 

One final method of calibration is to select an 
absolute reference and measure system variations against 
that reference. This type of approach requires that the 
initial reference be accurately determined, that the 
reference not vary in real life under different load 
conditions, and that the reference can be used to 
accurately monitor and calibrate the various aspects of the 
system performance. One example of this type of system is 
an electronic brake which assumes that a specific voltage 
change will result in a known load variation. Several 
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defects with this specific example are that the voltage and 
load relationship are difficult to predict and maintain 
over various temperatures and times, and that there is not 
a consistently accurate correlation between the voltage 
5 applied, and the load that the rider would realistically 
expect to experience in riding a real bicycle* 

There is thus the need for a realistic way to 
calibrate the exercise system. There is a need for a 
realistic way to vary the loads in that exercise system so 

10 as to more accurately simulate the real life loads 
experience by a bicycle rider. 

Yet another aspect of this invention is the ability to 
simulate realistic load conditions. United States Patent 
No. 4,441,705 uses fans attached to a bicycle wheel to 

15 simulate wind load, while Patent No. 4,542,897 to Melton 
shows a simulated competitor traveling at a predetermined 
speed. However, nothjLng in the prior art discloses varying 
the wind force according to the position of a racer with 
respect to one or more simulated riders. There is thus a 

20 need for a device which can simulate the race effect of 
varying the wind resistance depending on the position of 
the person exercising on the apparatus, with respect to a 
simulated rider. 

Yet another aspect of this invention deals with the 

25 user's heart rate while exercising, which increases as the 
exercise progresses. To get the maximum benefit from the 
exercise, the heart rate should be within certain limits 
for a period of time. If the heart rate is too great, 
however, it is not productive, and may be damaging to the 

30 rider. 

Prior devices, such as United States Patent No. 
3,767,195 to Delick, provide visual indicators to indicate 
an upper limit for the heart rate by flashing a visual 
indicator when the tipper limit was reached. The rider 
35 determined how much, if at all , to decrease the exercise 
level in order to lower the heart rate. 



There is thus a need for a device which monitors the 
user's heart rate and adjusts the applied load in order to 
maintain that heart rate, or to prevent exceeding maximum 
heart rate limits* Desirably, the device should provide 
optimum heart rates if the user does not know such 
information . 

Summary of the Invention 

An apparatus is provided which supports a rear wheel 
and tire of a bicycle so that a forward shift in the 
rider's weight causes the rear tire of the bicycle to 
maintain frictional contact with a roller in order to 
prevent slippage. The roller is rotatably mounted about a 
first axis substantially parallel to a rear axle of a 
bicycle connected to the apparatus. The rear tire is 
constrained to move in a predetermined manner toward the 
roller. Preferably, the rear axle of the bicycle is 
supported on opposite ends of the axle shaft by axle clamps 
which are adjustably positioned on a rear axle support 
member. . The support members constrains the rear axle to 
move along a predefined path which extends generally toward 
the roller. An arcuate path is preferred. 

Preferably, the rear axle support means comprises a 
pair of members, each pivoted at one end about a pivot axis 
substantially parallel to the rotational axis of the rear 
wheel and tire. This pivot axis is preferably on the 
horizontally opposite side of the rear axle of the bicycle, 
as is the roller's rotational axis. The rear axle clamps 
can be adjustably positioned to accommodate different sizes 
of bicycles. 

A variable load means, such as a motor, and preferably 
an alternator, and an inertial means, such as a flywheel, 
are connected to the roller and are preferably on a common 
shaft. The variable load and inertial loads exerted on the 
roller are transferred, via frictional contact with the 
rear tire, to the bicycle and its rider to simulate the 
momentum and load experienced during the actual riding of a 
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bicycle. Such loads would include wind resistance, terrain 
variations, rolling resistance, and the inertia of the bike 
and rider. 

While the roller and support member can be used alone 
5 to support the bicycle, it is preferred that the front fork 
of the bicycle is mounted to a front fork support tube by 
use of a fork mounting bracket. Preferably the front fork 
support tube is such that it provides a realistic 
flexibility to simulate a realistic ride. The ^ork 

10 mounting bracket is posit ionally adjustable to accommodate 
different sizes of bicycles. The mounting bracket can flex 
to simulate real life flexing of the fork and front wheel. 
By repositioning the mounting bracket relative to the front 
fork, the elevation of the attached bicycle frame can be 

15 changed to tilt slightly upward from a level orientation. 

Preferably, the front fork support tube is connected 
to the same structure that supports the roller and rear 
axle support mount. Thus, a shift in the weight of the 
rider off of a bicycle seat toward the front fork will 

20 cause the front fork support tube to bend and cause the 
rear axle support mount to rotate the rear bicycle tire 
toward the roller so as to prevent slippage between the 
roller and rear tire. 

The front fork support tube also supports a display 

25 which is in electronic communication with the roller and 
alternator so that data, such as the bicycle speed, can be 
displayed for viewing by the rider. 

There is thus advantageously provided a means for 
supporting a bicycle so as to simulate a realistic ride on 

30 that bicycle while preventing slippage of the rear wheel of 
the bicycle during periods of maximum force on the pedals. 
The realistic ride includes the feel of the load on the 
rear tire, as well as the flexibility of the bicycle. 

The exercise apparatus can be collapsed into a 

35 smaller, portable configuration for portability and for 
storage. The front fork support tube contains hinges which 



allow the tube to be folded into an adjacent relationship 
with the remainder of the apparatus. A releasable hinge 
adjacent the display unit, and a second releasable hinge 
located above the fork tube mount bracket, allows the 
5 display unit to be folded against the front fork support 
tube. The hinge at the bottom of the front fork support 
tube allows that tube, along with the display unit and its 
support members, to be folded into a position adjacent the 
roller. The pivot axes, about which the rear axle support 

10 members pivot, are positioned so that the rear axle support 
members can be folded into a position adjacent the roller. 
Wheels are provided on the end of the frame, adjacent the 
heavy flywheel and alternator, to allow easy movement of 
the portable package. There is thus provided a hinging 

15 means by which the apparatus can be folded into an adjacent 
relationship to present a smaller configuration which is 
much more portable than the operational configuration of 
the apparatus. 

The apparatus is preferably calibrated to accurately 

20 produce the intended loads. One way to do this is to 
determine and compensate for the frictional losses in the 
apparatus when a bicycle is mounted on the apparatus. The 
steps for such a calibration sequence comprise: rotating a 
wheel in an exercising device until the wheel attains at 

25 least a first predetermined rotational velocity; allowing 
the wheel to coast down to a second predetermined 
rotational velocity during which coasting period the 
loading device is not exerting loads on the wheel other 
than inherent frictional loads; sensing and recording the 

30 time and rotational velocity at periodic intervals as the 
wheel coasts down from the first velocity to the second 
velocity; determining the rotational mass moment of inertia 
of any components of the exercise . device that rotate 
because the wheel rotates? performing a linear regression 

35 analysis on the recorded velocities and times to determine 
the deceleration of the wheel and rotating components as a 



function of velocity; and deriving the frictional load from 
rotation of the wheel and the rotating components of the 
exercise device from the formula Frictional torque equals 
the Mass Inertia times the Angular deceleration. An 
5 additional step would comprise computing the power required 
to overcome the frictional load from the formula: Power 
equals Mass moment times angular velocity. 

The inefficiency of the loading device (which is 
preferably an alternator) is compensated for by the steps 

10 comprising: determining the efficiency of the loading 
device; determining the power output of the loading device 
by comparing the efficiency of the loading device with a 
second loading device for which the power output is known; 
and adjusting the loading device to account for the 

15 frictional losses and the efficiency of the loading device. 
Preferably, the efficiency is determined by performing a 
linear regression analysis to determine the power 
dissipated by the loading device at a predetermined speed, 
and by performing a linear regression analysis to determine 

20 the power which the loading device applies to the wheel. 

When the loading device comprises an electrical device 
which exerts a load on the wheel where the load can be 
varied by varying the voltage applied to the loading 
device, the power dissipated is determined by the steps 

25 comprising: rotating the wheel until the wheel attains at 
least a third predetermined rotational velocity; allowing 
the wheel to decelerate to a fourth predetermined 
rotational velocity; applying a constant decelerating 
force from the electrical device in order to further 

30 decelerate the wheel as it decelerates from the third to 
the fourth velocities; sensing and recording the 
rotational velocity of the wheel and the voltage output by 
the electrical device at periodic intervals of time as the 
wheel decelerates from the third velocity to the forth 

35 velocity; performing a linear regression analysis on the 
recorded wheel velocity and the square of the voltage from 



the coast down between the third and fourth velocities to 
determine the deceleration of the wheel and rotating 
components as a function of velocity; and wherein the 
power output by the loading device is further determined by 
5 the step comprising: performing a linear regression 
analysis on the velocity and on the deceleration times the 
velocity from the coast down between the third and fourth 
velocities in order to obtain linear regression constants 
for use in determining the power applied. 

10 When the calibration steps are implemented by the 

above described exercise apparatus, the above apparatus 
further comprises variable load-applying means 
communicating with the roller for applying variable loads 
to the roller to simulate variations in the load 

15 encountered during actual riding of a bicycle; and 
calibration means for determining the friction retarding 
the wheel from rotating so the variable load-applying means 
can compensate for the friction. Preferably the 
calibrating means further comprises means for determining 

20 the efficiency of the variable load-applying means so the 
load-applying means can compensate for the inefficiencies 
of the load-applying means. 

By accounting for the friction in the apparatus, and 
the inefficiencies of the loading devices, a more accurate 

25 load can be applied resulting in a more realistic ride 
simulation. 

Another feature of this invention is a device and 
method to control the heart rate of a person exercising on 
the exercise apparatus. The heart rate controlling device 

30 takes the form of a decreased heart rate means operating 
when a person's heart rate is below a predetermined lower 
limit in order to increase the heart rate. The decreased 
heart rate means determines whether the loads exerted by 
the variable load means just increased and if so whether 

35 the heart rate has been at an increased rate for a 
predetermined period of time, with the decreased heart rate 
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means causing the variable load means to increase the load 
if the load is below a predetermined maximum value. 

An increased heart rate shutdown means operates when a 
person's heart rate is more than a predetermined amount 
5 above the upper limit , to substantially decrease the 
load exerted by the variable load means. There is also an 
increased heart rate means that operates when the person's 
heart rate is above a predetermined limit in order to 
decrease the heart rate. The increased heart rate means 

10 determines whether the load exerted by the variable load 
means just increased, and if. the load has been at an 
increased level for a predetermined time, the increased 
heart rate means causes the variable load means to increase 
the load. The increased heart rate means decreases the 

15 load exerted by the variable load means if the load has not 
just decreased and if the load is not below a predetermined 
value • 

A means for monitoring the heart rate of the person 
exercising, and communicating that heart rate to the 

20 increased and decreased heart rate means, and to the 
increased heart rate shutdown means is also provided. A 
display screen communicates information on the loads and 
heart rate to the person exercising. If the person 
exercising does not know the appropriate limits to limit 

25 the load means, then the person inputs his or her age and 
sex, and the limits are determined by a computer. 

The steps of the method by which the heart rate of the 
person exercising is controlled comprise: exercising by 
use of an exercise device so as to increase the heart rate 

30 of the person? varying the load which the exercise device 
exerts on the person to vary the heart rate of the person; 
sensing the heart rate of the, person during the exercise; 
increasing the load by a predetermined amount when the 
person's heart rate is below a first predetermined value, 

35 with the increasing step comprising the further steps of: 
determining whether the variable load applied by the 



exercise device on the person has just increased, 
determining whether the variable load has been unchanged 
for a first predetermined period of time, determining 
whether the load is below a first predetermined load value, 
5 and increasing the variable load by a predetermined amount 
when the load has not been changed during the first 
predetermined period of time and when the load is below the 
first predetermined load value. Additional steps comprise: 
decreasing the load by a predetermined amount when the 

10 person's heart rate is above a second predetermined value, 
the decreasing step comprising the steps of: determining 
whether the heart rate is above a third predetermined heart 
rate value, substantially decreasing the variable load 
while the heart rate is above the third predetermined load 

15 value, determining whether the variable load has just 
decreased, determining whether the variable load has been 
unchanged for a second predetermined period of time, 
determining whether the variable load has reached a second 
predetermined load value, and decreasing the variable load 

20 when the load has not been decreased for the second 
predetermined period of time and when the variable load has 
not yet reached the second predetermined load value. 

An additional step on this method would be visually 
displaying messages to the person exercising, regarding 

25 either the load exerted by the person in response to the 
variable load, or to the person's heart rate. The imputing 
of data on the rider's age and sex, and the calculation of 
appropriate values or limits on heart rate would be yet 
another step of this method. Combining the heart 

30 controlling method and apparatus with the various 
variations on the bicycle support provides a realistic ride 
simulation. As described below, calibrating the friction 
in the exercise device, and in the load applying device 
further enhance the accuracy of the control on the load 

35 affecting the heart rate. Also as described below, 
combining the various race simulations provides an 
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advantageous way to train for races without over stressing 
the physical abilities of the rider. There is thus 

advantageously provided a means to adjust the load to 
maintain the user's heart rate within predefined limits, so 
5 as to provide a maximum of exercise and training , while 
automatically monitoring the user's heart rate to prevent 
over taxing the user. 

There is also provided a method and apparatus for 
realistically simulating the loads experienced during a 

10 bicycle race. The race simulation apparatus comprises a 
stationary bicycle having a rear wheel that can be pedaled; 
means for selecting the performance ability of a group of 
simulated racers and simulating the race performance of the 
selected group of riders; input means connected to the rear 

15 bicycle wheel for determining the performance of a person 
pedaling the bicycle relative to the performance of the 
simulated racers; display means for displaying the position 
of the racer with respect to the simulated racers; and 
variable load means for exerting a variable load on the 

20 rear wheel to simulate the loads experienced during racing; 
and means for varying the load on the bicycle wheel 
depending on the position of the racer with respect to the 
group of racers. Preferably the above devices comprise the 
apparatus previously described above in greater detail. 

25 Preferably the apparatus causes the variable load 

means to exert an increased load on the wheel to simulate 
a variable wind load when the racer leaves the group of 
simulated racers.. Further, the preferred apparatus further 
comprises means for causing the speed of the group of 

30 riders to vary randomly during a simulated race. 

To simulate various races of selectable difficulty, 
there is provided a selection i&eans for selecting a 
performance level of at least one simulated competitor; 
load calculation means for determining the load exerted by 

35 the load-applying means, based on the selected performance 
level; load sensing means for sensing the load exerted by a 



rider to overcome the load applied by the load-applying 
means; means for displaying the performance of a rider 
relative to the simulated competitors; and means for 
varying the load exerted by the load-applying means 
5 depending on the position of a rider relative to the 
position of the simulated competitors. As a further 
variation, the display means further comprises means 

for displaying the elevation of the selected course, the 
position of a rider on the preselected course, the position 

10 of the rider relative to the simulated competitors, and the 
total elapsed time the instantaneous speed of the rider, 
distance traveled, heart rate, and cadence. 

Preferably the load applying means takes the form of 
an electrical load-applying device communicating with a 

15 roller for applying variable forces to the roller to 
simulate the variations in load encountered during actual 
riding of a bicycle when a rear wheel of a bicycle is 
frictionally engaged with the roller and has a rear axle 
supported by the support member, the load-applying device 

20 also detecting the power exerted by a rider to overcome the 
applied load. 

The various operations are preferably controlled by a 
computer controlling the load applied by the load-applying 
means, the computer having an input device by which a 

25 person can select a desired level of competition and the 
corresponding loads which are exerted by the load-applying 
device, the computer being programmed to determine and 
display on the visual display unit the performance of at 
least one simulated rider of the selected competition 

30 level, the computer being programmed to determine and 
display the position of a rider relative to the position of 
the simulated riders from the power exerted by the rider 
and simulated riders, the computer varying the load exerted 
by the load-applying device depending on the relative 

35 position of the rider and simulated riders to simulate wind 
load. The computer varies the performance of the simulated 



VT VJ 07/uiou/ 



rLi/uooo/u^w 



competitor randomly within the selected level of 
competition. 

The steps in the sequence implemented by the apparatus 
comprise: applying loads to the rear wheel by an electrical 

5 device in order to simulate various riding conditions and 
situations; applying loads to the rear wheel by a flywheel 
in order to simulate inertial loads; selecting a race 
course and the level of difficulty for the competition in 
the race; determining the loads to be applied to the rear 

10 wheel based on the selected level of difficulty for the 
selected race course; monitoring the performance of a rider 
pedaling the bicycle with the loads exerted on the rear 
wheel of the bicycle; displaying the position of the rider 
relative to at least one simulated rider; and varying the 

15 loads on the rider depending on the position of the rider 
relative to the simulated riders. 

Further variations in the sequence comprise randomly 
varying the performance of the simulated riders during the 
course of the race; calibrating the electrical device to 

20 determine the friction in the exercise device so the 
electrical device can be adjusted to compensate for the 
friction loads; determining the efficiency of the 
electrical device; determining the power output of the 
electrical device by comparing the efficiency of the 

25 electrical device with a second electrical device for which 
the power output is known; and adjusting the electrical 
device to account for the frictional losses and the 
efficiency of the electrical device. 

There is thus advantageously provided an apparatus and 

30 method not only for simulating the real "feel" of riding a 
bicycle, but for realistically simulating the loads 
experienced by riding that bicycle , even accounting for 
friction and inefficiencies in the apparatus and bicycle. 
The ability to simulate the environmental loads experienced 

35 during races, and to simulate competitors of selectable 
capability, provides not only a challenge, but a valuable 



training tool and method. The ability to account for wind 
loads as a function of the rider's position within a pack 
provides further realism. The random variation of pack 
performance during the simulated race allows a rider to 
5 experience various strategies of jockeying for position. 
There is thus provided not only a more realistic and 
entertaining exercise device, but a device and method 
highly suitable for training for competitive races. 

Brief Description of the Drawings 
10 The present invention can be more readily understood 

when reference is made to the accompanying drawings in 
which: 

Fig. 1 is a perspective view of this invention with a 
bicycle connected to it. 
15 Fig. 2 is a perspective view of this invention with 

the side covering removed. 

Fig. 3 is an exploded perspective of the rear axle 
clamp, its support, and the motor and flywheel. 

Fig. 4 is a perspective view of a rear axle clamp. 
20 Fig. 5 is an exploded perspective of a slidable hinge 

used on the front fork tube.. 

Fig. 6 is a perspective view of the assembled hinge 
shown in Fig. 5. 

Fig. 7 is a perspective view of the front fork 
25 mounting structure and an adjacent hinge. 

Fig. 8 is a perspective view of the invention with its 
support members folded into adjacent relationship to form a 
more compact, portable structure. 

Fig . 9 is a perspective view of a segment of the 
30 invention showing wheels on the structure. 

Fig. 10 is a side view of the folded and collapsed 
structure of Fig. 8. 

Fig- 11 is a flow chart of a calibration sequence. 
Fig. 12 is a plan view of the display unit as seen 
35 from a person exercising on a bicycle placed on the support 
apparatus shown in Fig. 's 1-10. 
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Fig. 13 is a flow chart of a power calibration 
sequence. 

Fig. 14 is a plan view of a display window of the 
display unit as shown in Fig. 12. 
5 Fig. 15 is a flow chart of a race simulation mode 

where wind load is taken into account; 

Fig. 16 is a flow chart of a sequence to maintain a \ 
rider's heart rate within predetermined limits by varying 
the load on the exercise apparatus. 

10 Description of the Preferred Embodiment 

Referring to Fig. 1, there is shown a portion of a 
multi-speed bicycle having a frame 10 with a rear axle 12 
on which is mounted a rear wheel 14 and a rear tire 16. 
The frame 10 also contains a bottom bracket 18 to which a 

15 crank set and pair of pedals 20 are rotatably mounted. A 
seat 22, handlebars 24 and a rotatably mounted fork 26 , are 
also connected to the frame 10 in a manner known in the art 
and not described in detail herein. 

Referring to Figs. 1 and 2, a portion of the bicycle 

20 is connected to a means for supporting the bike, such as 
support frame 28. The support frame 28 comprises a bottom 
member 30 which is approximately 27 inches long, and of a 
square tubular metal, approximately 1.5 inches per side, 
with a wall thickness of .109 inches. 

25 At one end of the bottom member 30 are two rear legs 

32 and 34 (Fig. 9) which extend in opposite directions 
generally perpendicular to the longitudinal axis of bottom 
member 30. Preferably, the legs 32 and 34 are opposite 
ends of a continuous member. At the opposite end of bottom 

30 member 30, there are connected two front legs 36 and 38 * 
which extend in generally opposing directions from the 
bottom member 30. The front legs 36 and 38 extend at an ? 
angle of approximately 67 degrees from the longitudinal 
axis of the bottom member 30 so as to angle away from the 

35 rear legs 32 and 34. The same angle, measured from the 
perpendicular, is 23 degrees. The legs 32 and 34 are all 



of tubular metal construction having a generally 
rectangular cross-section approximately .75 inch x 1.5 
inches, with a wall thickness of about .120 inches. The 
legs 36 and 38 are also tubular of construction having a 
5 rectangular cross section of about 1 inch x 2 inches, and a 
wall thickness of .120 inches. 

The bottom member 30 and legs 32, 34, 36 and 38 lie 
generally in a plane so as to provide a stable support for 
the bike frame 10 and rider. Support feet 40 are located 

10 at the outermost ends of the legs 32-38 and are intended to 
rest against a floor. 

A means for supporting and mounting the front fork 26 
of a bicycle is provided which simulates the movement, and 
flexibility of a front wheel of a bicycle. Thus, fork tube 

15 42 is connected to the juncture of bottom member 30 and 
front legs 36 and 38. The fork tube 42 extends out of the 
plane of the legs 32-38 at an angle of approximately 53 
degrees from that plane, and in a direction away from the 
rear legs 32 and 34. The fork tube 42 also extends along a 

20 plane passing through the longitudinal axis of the bottom 
member 30 and oriented substantially perpendicular to the 
plane formed by the legs 32-38. The fork tube 42 is of a 
tubular metal construction, using 1.5-inch square tubing 
with a wall thickness of .109 inch. 

25 Referring to Figs. 2 and 7, a fork mount 44 is 

connected to the side of the fork tube 42 facing the rear 
legs 32-34. Referring to Fig. 7, the fork mount 44 
comprises a generally rectangular strip of metal 1.25 
inches wide by 6.25 inches long and .135 inch thick. Two 

30 elongated slots 4 6 and 4 8 are located along the 
longitudinal axis of fork mount 44. Preferably, the slots 
46 and 48 are approximately *34 inch wide by 1.85 inches 
long, and begin about .33 inch from the ends of fork mount 
44. 

35 Removable fasteners 50 and 52 extend through the slots 

46 and 48 into corresponding apertures (not shown) in the 



fork tube 42 in order to connect the fork mount 44 to the 
fork tube 42. Preferably, the fasteners 50 and 52 take the 
form of threaded bolts. By loosening the fasteners 50 and 
52, the slots 46 and 48 allow the fork mount 44 to be slid 
5 along the length of the slots 46 and 48 , thereby permitting 
repositioning of the fork mount 44 relative to the length 
of the fork tube 42. The fasteners 50 and 52 can be 
removed so the fork mount 44 can be rotated 180 degrees in 
the plane in which it is mounted, and then re-secured. The 

10 fasteners 50 and 52 allow the fork mount 44 to flex, and 
help simulate a realistic movement of a bicycle attached to 
the frame 28 via the fork mount 44. 

A fork mounting tube 54 (see also Figs. 1 and 2) is 
connected to the fork mount 44. The fork mounting tube 54 

15 comprises a metal tube approximately 3.5 inches long, with 
an outer diameter of about -.75 inch, and an inner diameter 
of about .38 inch. The interior ends of the fork mounting 
tube 54 can be threaded. The fork mounting tube 54 is 
located with its longitudinal axis perpendicular to the 

20 longitudinal axis of the fork mount 44 and the slots 46 and 
48. The fork mounting tube 54 is not located at the center 
of fork mount 44, but is offset approximately 1/4-inch so 
that it is closer to the end of slot 48 than it is to the 
end of slot 46. 

25 The fork mount 44 provides an adjustable attachment 

means for connecting the front fork of a bike to the fork 
tube 42. The adjustable feature is used to accommodate 
different sizes of bicycle frames and, as described later, 
to alter the elevation of the bike frame 10 by 

30 repositioning the fork mount 44 on the fork tube 42. 

Referring to Figs. 2 and 3, connected to the rear leg 
32 is an inner support plate 56 and an outer support plate 
58. The support plates 56 and 58 are substantially 
parallel plates located in planes substantially parallel to 

35 a plane passing through the longitudinal axis of bottom 
member 30, but substantially perpendicular to the plane in 
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which the legs 32, 34, 36 and 38 are located. The inner 
support plate 56 is closer to the bottom member 30 than is 
outer plate 58 . The support plates 56 and 58 can be made 
out of .134 inch thick steel. 
5 An inner support plate 60, which generally corresponds 

to inner support plate 56, is connected in an analogous 
manner and orientation to rear leg 34. Similarly, an outer 
support plate 62, whiclT corresponds to outer support plate 
58, is connected in an analogous manner and orientation to 

10 the rear leg 34. 

When a rear wheel 14 and rear tire 16 (Fig. 1) are 
connected to the apparatus, the rear tire 16 is constrained 
to move in a predetermined manner. Preferably, a rear axle 
support member constrains the rear axle 12 of a bicycle to 

15 move along a predetermined path. While the support member 
could be a U-shaped member, preferably, the support member 
is a pair of axle tubes 64 and 66. The first axle tube 64 
is rotatably mounted between the support plates 56 and 58, 
and a second axle tube 66 is rotatably mounted between the 

20 support plates 60 and 62. The first and second axle tubes 
64 and 66 are constructed and connected in an analogous 
manner, so only the first axle tube 64 will be described in 
detail . 

Referring to Fig. 3, the first axle tube 64 is 
25 preferably a stiff or rigid member, which does not flex to 
any great extent, and can comprise a tubular metal bar 
having a rectangular cross-section approximately .75 inch 
thick and 1.5 inches wide, 12.5 inches long and about .12 
inch thick. A rota table mount 68 is connected at one end 
30 of first axle tube 64 to one of the 1.5-inch wide sides of 
axle tube 64. The rotatable mount 68 is shown as a 
cylindrical tube with an outside diameter of about 1 inch 
and an inside diameter of about .52 inch, and a length of 
about 4.7 inches which corresponds to the spacing between 
35 the support plates 56 and 58. The longitudinal axis of the 
rotatable mount 68 is perpendicular to the longitudinal 



axis of the first axle tube 64. 

The first axle tube 64 is mounted so that it can pivot 
in a plane substantially perpendicular to the plane in 
which the legs 32-38 are located, substantially parallel to 
5 the plane of the bottom member 30* This pivot axis is 
substantially parallel to the rotational axis of the rear 
wheel 14 and tire 16 connected to the axle tubes 64 and 66. 

Pivoting action is achieved by passing a bolt 70 
through a hole 72 in the outer support plate 58, through 

10 the inside of the rotatable mount 68 , and through a 
corresponding hole (not shown) in inner support plate 56. 
A fastener 74, such as a threaded nut, is welded to the 
side of inner support plate 56 so that a threaded end on 
bolt 70 can be secured by the fastener 74 to prevent 

15 inadvertent removal of the bolt 70. The longitudinal axis 
o£ the bolt 70 is substantially parallel to the 
longitudinal axes of rear legs 32 and 34* The bolt 70 thus 
supports the first axle tube 64 and constrains the axle 
tube 64 to pivot about the longitudinal axis of bolt 70. 

20 As previously stated, a second axle tube 66 is 

pivotally mounted and constrained to pivot about a bolt 70 
in a similar manner as the first axle tube 64 with such 
bolts coaxially aligned . The axle tubes 64 and 66 are 
located adjacent the respective outer support plates 58 and 

25 62. The inner sides of axle tubes 64 and 66 are about 11 
inches apart. The first and second axle tubes 64 and 66 
thus form movable support means which constrain the rear 
wheel 14 and tire 16 to move along a predetermined path. 

As shown in Figs. 2 and 3, at the end of axle tubes 64 

30 and 66 opposite the pivotally constrained end are axle 
clamps 76 and 106 which are connected to the axle tubes 64 
and 66 by an axle clamp bracket 78. Referring to Fig. 4, 
the axle clamp 76 comprises a metal cylinder with a conical 
depression 77 in one end. A pair of opposing rectangular 

35 slots 79 extend partway down opposing sides of the axle 
clamp 76. In use, a conical-shaped nut or end of the 



bicycle's rear axle 12 is seated in the conical cavity 77. 
The slots 79 accommodate D-rings that are used on the quick 
release skewers used with several bicycle models. 

Referring to Fig. 3, the axle clamp bracket 78 
5 comprises a repositionable support plate 80 comprised of a 
strip of metal having an L-shaped cross-section .75 inch on 
the short side, 1.5 inches on the long side, 6 inches long 
and .120 inches thick. An elongated slot 82 runs along the 
longitudinal axis of the plate 80 for a length of about 3 
10 inches. 

A bolt 84 has a threaded portion which extends through 
the slot 82 and through a hole (not shown) in axle tube 64. 
A fastener such as a threaded nut 86 can be removably 
connected with the threaded end of bolt 84 in order to 
15 releasably clamp the plate 80 to the axle tube 64. The 
plate 80 can be repositioned along the length of the axle 
tube 64 by loosening the bolt 84 and sliding the plate 80 
along the length of slot 82, and then reclamping the bolt 
84 and nut 86. 

20 At the end of the plate 80, adjacent the unconstrained 

end of axle tube 64, is a clamp tube 88. The clamp tube 88 
is a cylindrical tube having an outer diameter of about 7/8 
inch, a threaded inside diameter of about 1/2 inch, and a 
length of about 1.5 inches. The tube 88 has its 

25 longitudinal axis substantially perpendicular to the 
longitudinal axis of axle tube 64 and substantially 
parallel to the longitudinal axis of bolt 70. A threaded 
shaft 90 threadingly engages the interior threads of tube 
88. The axle clamp 76 is fastened at one end of shaft 90, 

30 with a knob 92 being fixed at the opposing end of shaft 90. 
By rotating the knob 92, the shaft 90 can be rotated so as 
to reposition the axle clamp 76. 

A locking knob 93 is located intermediate to the knob 
92 and the tube 88. . The locking knob 93 is a knob having a 

35 threaded hole through the center, so the knob can be 
screwed along the length of threaded shaft 90. When the 



axle clamp 76 is correctly positioned, the locking knob 93 
is screwed against the end of tube 88 to provide a 
frictional lock, preventing axial movement of shaft 90 and 
axle clamp 76. 

5 A second axle clamp 106 coaxially aligned with clamp 

76 (Figs. 3 and 4) is connected to the unconstrained end of 
the second axle tube 66 in the same manner as axle clamp 76 
is connected to the first axle tube 64. Thus, the details 
of the second axle clamp 106 and its supporting bracket 

10 will not be repeated, other than to note that one axle 
clamp is slightly longer, with a deeper slot 79, in order 
to accommodate a variety of designs for axles 12 as used on 
diverse bicycles. 

Referring to Figs. 2 and 3, a rotatable means helps 

15 support the rear wheel 14 of a bicycle connected to the 
apparatus of this invention. A roller 108 is rotatably 
supported between the inner support plates 56 and 60. 
Preferably, the roller 108 is a cylindrical roller with a 
width of about 2.6 inches and an outer diameter of 2.5 

20 inches, made of aluminum. The roller 108 is rotatably 
mounted so that its longitudinal axis is substantially 
parallel with the longitudinal axis of bolt 70 and the 
pivot axis of first and second axle tubes 76 and 106, and 
with the rotational axis of a rear wheel 14 connected to 

25 the apparatus. 

Referring to Fig. 1, preferably the support frame 28 
connects to, and supports, the bike frame 10 at three 
locations. As shown best in Fig. 7, the fork 26 of bike 
frame 10 can be removably connected to the fork mount 44 by 

30 use of a quick-release skewer 110. The quick-release 
skewer 110 is commonly used on bicycles having a readily 
removable front wheel, and thus is known in the art and 
will not be described in detail. The ends of fork 26 fit 
over the fork mounting tube 54. 33xe quick-release skewer 

35 110 is inserted through the fork 26 and the fork mounting 
tube 54, and then locked to secure the fork 26 to the fork 



mount 44. Basically, the fork mount 44 is connected just 
as if it were the front wheel of a bike. 

Referring to Fig. 1, the rear axle 12 of the bike 
frame 10 is supported by the first and second axle clamps 
76 and 106. The conical apertures 77 (Fig. 4) in the axle 
clamps 76 and 106 fit over the opposite ends of the rear 
axle 12 so as to support axle 12 and bike frame 10. The 
rear axle 12 is constrained to move along an arcuate path 
about the rotational axes of first and second axle tubes 64 
and 66 , with the path being generally toward roller 108. 

The tire 16 rests against the roller 108. Preferably, 
when viewed in a horizontal plane, the roller 108 is in 
front of the rear axle 12. The rear axle 12 is shown as 
being horizontally in front of the rotational axis about 
which the axle tubes 64 and 66 rotate. Thus, the axle 12 
(about which rear wheel 14 rotates) is positioned, relative 
to a horizontal plane, between the roller 108 and the 
rotational axis about which axle tubes 64 and 66 rotate. 
Alternately phrased, if substantially parallel, vertical 
planes are passed through the rear axle 12, rotational axis 
of roller 108, and the rotational axes of axle tubes 64 and 
66, then the vertical plane containing the rear axle 12 
lies between the planes containing the rotational axes of 
roller 108 and axle tubes 64 and 66. Phases yet another 
way, a substantially vertical plane through the rear axle 
12, would result in the pivot axis of the rear axle tubes 
64 and 66 and the roller 108, being located on opposite 
sides of that vertical plane. 

It is believed preferable that the angle of the rear 
axle tubes 64 and 66, with respect to the vertical, be 
between 5-30 degrees. From this position, the tubes 64 and 
66 will rotate from 1-4 degrees further during operation, 
depending on rider weight and strength, tire pressure, and 
the specific bike frame 10 . When the bike frame 10 is that 
of a Schwann Paramount having a 54 cm frame, and a 99 cm 
wheelbase, with 700C wheels, the angle is about 26.5 
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degrees, with the rear axle 12 being about 10.5 inches from 
the pivot points of axle tubes 64 and 66, and with the rear 
axle 12 being almost vertically above the rotational axis 
of roller 108. These dimensions are at the extreme end of 
5 dimensions for a short wheelbase racing bicycle. 

If the axle 12 is positioned vertically above , or in 
front of (i.e. toward the handlebars 24) the roller 108, 
the invention will still function, but as the axle 12 is 
moved in front of the roller 108, then the performance is 

10 increasingly degraded, but it can function . If the rear 
axle 12 is positioned vertically above, or behind the pivot 
axis of bolts 70, the rear tire 16 will not be 
constrained to move into contact with the roller 108 and 
the apparatus will not satisfactorily function. The 

15 objective is to cause the rear tire 16 to move into contact 
with the roller 108 when the torque on the tire 16 
increases, as when the rider leaves • the saddle 22 and 
leans over the handlebars 26 to exert increased force on 
the pedals 20. 

20 Preferably, the rotational axis of roller 108 is about 

4.6 inches (horizontally) from the rotational axis of axle 
tubes 64 and 66, and about 5.1 inches (vertically) from 
the rotational axis of axle tubes 64 and 66. The fork 
mount 44, the axle clamps 76 and 106 (Fig. 2), and the 

25 roller 108 provide a three-point support for the bike frame 
10 when the frame 10 is coupled to the support apparatus. 
As a rider pedals the bike via pedals 20, the rear wheel 14 
and tire 16 frictionally engage the roller 108, causing 
roller 108 to rotate. 

30 It is believed possible, although not preferred, to 

have only the axle clamps 76 and 106 support the bike frame 
10, in which case the front fork tube 52 would be 
eliminated, and the bottom member 30 shortened, so a 
standard front wheel of a bicycle could be used to support 

35 the front fork 26. It is also believed possible, but not 
preferred, to support the front fork tube 42 separately 



from the remainder of the frame 28, and to adjust the 
flexibility of the fork tube 42 to simulate the stiffness, 
and to allow the movement, of a normal front wheel of a 
bicycle. 

5 Referring to Figs. 2 and 3, a variable load device, 

such as an electromagnetic apparatus like an alternator 
112, powered by llOV AC, is connected to the roller 108. 
The alternator 112 is connected to the inside support plate 
56 and is located between support plates 56 and 58. An 

10 alternator shaft 114 (Fig. 3) extends through a hole in the 
inner support plate 56 (Fig. 2). One end of the alternator 
shaft 114 (Fig. 3) is connected to the alternator 112, with 
the opposing end being connected to the roller 108, 
preferably by shrink-f itting the roller 108 onto the end of 

15 the alternator shaft 114. 

By applying a variable amount of electrical power to 
the alternator 112, a variable and controllable amount of 
resistance can be applied to the roller 108, and thus to 
the tire 16 and the pedals 20 (Fig. 1) . This variable load 

20 resistance can be used to simulate the resistance 
experienced by pedalling on different grades, downhill, 
flat or uphill. The load can simulate rolling resistance, 
wind resistance, terrain variations, and if properly 
programmed, can even simulate the inertia of the bicycle 

25 and rider. Thus, the alternator 112 communicates with the 
roller 108 to simulate a realistic bicycle ride. 

Preferably, the inertia is simulated by inertia means, 
such as a flywheel 116, which is rotatably mounted between 
the support plates 60 and 62 (Fig. 2) . The rotational axis 

30 of flywheel 116 coincides with the rotational axis of 
roller 108 and alternator 112. A specific flywheel could 
be designed for a given weight of a bicycle and rider, and 
a maximum speed. Space, safety and weight constraints must 
also be considered, however. A flywheel 116 found suitable 

35 for use is designed to rotate at a maximum speed of about 
5000 r.p.m., for an equivalent bike speed of 40 miles per 
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hour for a 27 inch bicycle wheel. Such a flywheel weighs 
about 22 pounds , and when made of cast iron, can take the 
form of a rimmed circular disc 2 inches wide and 8 inches 
- in diameter. The inertia of such a usable flywheel has 
5 been calculated to be 0.05648 N*m*sec 2 . 

The flywheel 116 communicates with roller 108 so 
rotation of the roller 108 rotates the flywheel 116. As 
shown, the flywheel 116 is mounted on a shaft 118 which 
extends through a hole in the inner support plate 60 to 

10 connect to the roller 108. Preferably, the roller 108 is 
shrink-fit onto one end of the flywheel shaft 118. Thus, 
the flywheel 116, roller 108 and alternator 112 are 
essentially on a common rotational shaft. The inertia 
means, such as flywheel 116, simulates the inertia of a 

15 moving bicycle and rider. 

Referring to Figs 1 and 2, the fork tube 42 is about 
21.5 inches long, and contains a hinged joint 124 which is 
best shown with reference to Figs. 5 and 6. At a point 
approximately 7.5 inches above the plane of the legs 32-38 

20 (Fig. 1) , the fork tube 42 is cut at an angle such that 
there is a first end 126 and second end 128 which can be 
releasably placed in an abutting configuration. On the 
inside of fork tube 42 adjacent the first end 126, there is 
inserted a smaller, slidable tubular section 130 which is 

25 configured to just fit inside of the first end 126. On 
opposing sides of slidable tubular section 130 are located 
longitudinal slots 132. A fastener such as bolt 134 
extends through opposing sides of fork tube 42 and through 
the slots 132 so as to captivate the slidable tubular 

30 section 130. Thus, the slidable tubular section 130 can be 
moved along the longitudinal axis of the fork tube 42 until 
the bolt 134 bottoms out against the ends of the slots 132. 

A rotatable hinge 135 rotatably connects slidable 
tubular section 130, with a correspondingly sized tubular 

35 section 136. The tubular section 136 fits inside of, and 
is securely fastened to, the second end 128 of fork tube 
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42. 

In operation, the tubular sections 130 and 136 fit on 
the inside of fork tube 42 and provide a structurally 
strong joint when the ends 126 and 128 are abutting. The 
5 sections 130 and 136 allow the first and second ends 126 
and 128 to be separated by a force exerted along the 
longitudinal axis of fork tube 42. When the first and 
second ends 126 and 128 are separated, the hinge 135 allows 
the portion of the fork tube 42 containing the end 128 to 

10 be folded so as to collapse the support frame 28 into a 
more compact configuration (Figs. 8,10). 

In order to ensure the integrity of the hinged joint 
124 in the uncollapsed position, and to prevent inadvertent 
, separation of the hinged joint 124, releasable fasteners 

15 138 (Fig. 5) extend through the side walls of fork tube 42 
and releasably fasten the slidable tubular section 130 into 
secure position. The fasteners 138 each comprise a 
threaded portion 140 extending from a knob 142. Each 
threaded portion 140 extends through an associated threaded 

20 aperture 144 in fork tube 42 so that the end of the 
threaded portion comes into contact with and binds against 
the slidable tubular section 130 so as to prevent movement 
of such sections within tube 42. The apertures 144 
preferably are located in the corner of the fork tube 42. 

25 The hinged joint 124, and the rotation of the axle 

tubes 64 and 66 (Figs. 8,10), thus provide collapsible 
joints by which a stable operational structure can be 
formed, but which can be collapsed or reconfigured to a 
configuration more suitable for storage or portability. 

30 Referring to Fig. 1, a side cover 120 has one end 

connected to the support plates 56 (Fig. 2) and 58 with the 
opposing end connected to the front leg 36. A 
corresponding side plate 122 is connected between support 
plates 60 and 62 (Fig. 2), and front leg 38. The side 

35 covers 120 and 122 cover the flywheel 116 and alternator 
112 (Fig. 2), and provide some stiffness and stability to 
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the support frame 28 as well. Because the support plates 
56-62 (Fig. 2) are higher than the front legs 36 and 38 , 
the side covers 120 and 122 slant downward at an angle. 
The side covers 120 and 122 must be sufficiently low so 
5 that a rider's heel will not hit the side plates when 
pedalling. In a similar manner, the axle tubes 64 and 66 
must not be so long that they will be hit by the heel of a 
rider when pedalling. 

The side plates 120 and 122 are removable (see Fig. 2) 

10 and comprise generally C-shaped structures preferably made 
out of sheet metal having a thickness of about .060 inches. 
The sides of the side plates 120 fit over the sides of the 
support plates 56 and 58 (Fig. 2) , and the sides of the 
side plate 122 fit over the sides of the support plates 60 

15 and 62 (Fig. 2). The sides plates 120 and 122 are spaced 
apart so that the bottom member 30 is visible between the 
side plates 120 and 122. 

Referring to Figs, 1 and 2, a display tube 150 is 
connected to the upper end of fork tube 42. A display 152 

20 is in turn connected to the outer end of display tube 150. 
The display tube 150 is of the same general construction as 
fork tube 42 , and is rotatably joined to fork tube 42 by 
rotatable joint 154. The joint 154 comprises a hinged 
member which uses one or more frictionally releasable 

25 devices to hold the joint stable when desired, or to 
release the joint to allow a rotation when desired. The 
releasable frictional device is shown as comprising a 
hinged joint, having a side through which a threaded 
fastener 156 extends to releasably lock the joint 154 by 

30 loosening or tightening the fastener 156, the friction in 
the joint 154 is increased or decreased, so as to lock the 
joint 154 into position or to allow it to rotate. 

The end of display tube 15D is connected to display 
152 by means of a repositionable and tiltable joint 157. A 

35 channel bracket 159, having a C-shaped cross section is 
fastened to the back side of the display 152, with the free 



legs of the C-section extending outward from the display 
152. Each of the free legs of channel bracket 159 has a 
slot 160 , running along the length of the bracket 150. The 
display tube 150 fits within the channel bracket 159. A 
5 releasable fastener 162 has a shaft (not shown) that passes 
through slots 160 and through a hole (not shown) adjacent 
the outer end of display tube 150, and connects to a 
threaded knob (not shown) . The fastener 162 and threaded 
knob cooperate to frictionally lock the end of the display 

10 tube 150 to the bracket 159, and thus to the display 152. 
The connection is releasable by loosening the fastener 162. 

The slots 162 allow the display 152 to be positioned 
relative to the end of the display tube 150, and 
effectively provide a means for adjusting the height of the 

15 display 152. The display 152 can also be, rotated about a 
loosened fastener 162 to adjust the angular orientation of 
display 152, and tightening the fastener 162 locks the 
display into position. There is thus provided a joint 157 
that allows repositioning and tilting of the display 152 . 

20 The display 152 is in electrical communication with 

the alternator 112 so that various loads can be controlled 
from, and displayed by, the display 152. The electrical 
communication mean can comprise wires, which are known in 
the art and not described in detail, or shown herein. 

25 Thus, for example, a rider can input the resistance which 
is desired to be exerted by the alternator 112, and can 
monitor the speed at which the bike is being pedalled 
against that predetermined resistance. 

Referring to Fig. 1, the operation of the invention 

30 will now be described. A person can take his or her own 
personal bicycle, remove the front wheel and mount it to 
the support frame 28. Many modern racing bikes have 
removable front wheels which facilitate this installation. 
The fork 26 of the bike frame 10 is attached to the fork 

35 mount 44 by use of a quick-release skewer 110. To 
accommodate for different sizes of bike frames 10, the fork 
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mount 44 can be releasably positioned by loosening 
fasteners 50 and 52 (Fig. 7), repositioning the fork 
mounting tube 54 and then refastening fasteners 50 and 52. 
Referring to Fig. 7 , as previously mentioned, the fork 
5 mounting tube 54 is asymmetrically located between the ends 
of the slots 46 and 48. By slidably positioning the fork 
mount 44 , relative to the fork tube 42 , it is possible to 
adjust the vertical elevation of the bike frame 10. Many 
riders find a slight uphill elevation to be more 
10 comfortable when riding a stationary bicycle. 

Preferably the fasteners 50 and 52 are positioned at, 
and rest against the upper ends of the slots 46 and 48. If 
so positioned, the mount 44 bears against the fastener 50 
and 52. 

15 Since the mounting tube 54 is offset relative to the 

ends of slots '46 and 48, the mounting plate 44 can be 
rotated 180 degrees in plane to change the elevation of the 
mounting tube 54 (and the bike 10) , while still allowing 
the fasteners 50 and 52 to bear against the ends of the 

20 slots 46 and 48. 

Referring to Figs . 1 and 3 , the tire 16 is placed on 
the roller 108. The first and second axle tubes 64 are 
then rotated so the first and second axle clamps 76 and 106 
can engage opposite ends of rear axle 12. Turning knobs 92 

25 (Fig*, 3) allows the axle clamps 76 and 106 (Fig. 3) to be 
adjusted along the length of rear axle 12 so the ends of 
axle 12 can seat in the conical apertures 77. The threaded 
shaft 90 (Fig. 3) therefore provides an adjustable means 
for accommodating different axle lengths for positioning of 

30 the bicycle frame 10 between the first and second axle 
tubes 64 and 66. The ability of the first and second axle 
tubes 64 and 66 to rotate combine with the ability to 
reposition the axle clamp bracket 78 (Fig. 3) to 
accommodate a wide range of bike sizes. 

35 Referring to Fig. 1, in operation, the mounting of the 

fork 26 to the fork mount 44 provides a flexible mount that 



reduces stresses and fatigue failure problems with the fork 
26 . The flexibility is provided by the fact that the fork 
mount 44 can effectively pivot or flexibly rock about a 
line passing through the fasteners 50 and 52 (Fig. 7) , even 
5 when those fasteners are tightly secured. The fork mount 
44 and the fasteners 50 and 52 bend to allow this 
flexibility. The flexibility simulates the lateral 
flexibility ""of a front wheel of a bicycle to further 
simulate a realistic ride. 

10 A rider can reposition the fork mount 44 to provide 

for a level orientation of bike frame 10, or a slightly 
elevated orientation as previously described. When the 
rider sits on the seat 22 and exerts force on the pedals 
20, the weight of the bicycle and rider force the tire 16 

15 against the roller 108 to provide, a frictional drive of the 
roller 108. The flywheel 116 (Fig. 2) simulates the 
inertia of the rider and bicycle, while the variable 
resistance exerted by alternator 112 (Fig. 2) can be used 
to simulate a ride on a level surface, a downgrade, an 

20 uphill grade or any combination of variable grades. 

In use, however, the rider does not always stay seated 
in the seat or saddle 22, but at times of increased power, 
rises off of the saddle, leans over the handlebars 24 and 
exerts all of the rider's weight on the pedals 20. Thus, 

25 while more of the rider's weight is on the rear wheel when 
the rider is seated in the saddle 22, the rider's weight is 
shifted towards the front wheel when the rider rises out of 
the seat 22 and exerts increased force and weight on the 
pedals 20. 

30 As the weight of the rider shifts toward the fork 26, 

the frame 28 operates to maintain, and can actually 
increase the friction between the tire 16 and the roller 
108 in order to prevent slippage. The first and second 
axle tubes 64 and 66 constrain the rear axle 12 to move 

35 along a predefined, arcuate path such that a shift in the 
weight of the rider toward the fork 26 causes the axle 12, 
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and thus the tire 16, to move toward to the roller 108. 

It is also believed that the relative stiffness 
between the bike frame 10 with respect to the frame 28 is 
such that a movement of the rider toward the fork 26 causes 
the fork tube 42 to bend or flex forward and downward and, 
since the bike frame 10 is connected to the fork tube 42, 
the bike frame 10 causes the constrained axle 12 to rotate 
toward the roller 108. It is believed preferable that the 
stiffness of the bike frame 10, including the fork 26, be 
greater than the stiffness of the support frame 30, which 
includes fork tube 42, and the axle tubes 64 and 66. 

While the exact theoretical basis may not be precisely 
known, the practical effect is apparent „ With the rider 
seated in the seat 22, the roller 108 and support axles 64 
and 66 support the weight that is normally on the rear so 
there is no excessive friction between the roller 108 and 
the rear tire 16 . As the weight of the rider, shifts 
forward from the seat 22 toward the fork 26, the tire 16 
does not slip against the roller 108. The fork tube 42 and 
constrained rear axle 12 move in unison albeit perhaps in 
different amounts, with the amount of motion varying with 
the amount of force exerted on the pedals 20, and the 
position of the rider relative to the front fork 26. 
Further, a rider using toe clips and straps on the pedals 
20, appears to exert a forward force on the pedals 20 which 
also causes the fork tube 42 and constrained rear axle 12, 
to move in unison. 

Such was not the case with prior art devices using 
single or double support rollers. For example, many prior 
devices used a support that connected to the bottom bracket 
18 (Fig. 1} . As the weight of the rider shifted forward, 
the bike pivoted about the support connected to the bottom 
bracket 18, and the tire 16 moved out of contact with the 
prior art roller (s) . Further r the mere shift in the 
rider's weight decreased the force on the rear wheel, and 
thus decreased the friction against the rollers. Thus, the 
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shift of the weight of the rider effectively decreased the 
friction between the tire and the roller, causing the 
roller to slip just when the maximum amount of power was 
being transferred to the tire. 

There is thus advantageously provided a means of 
increasing the friction between the tire 16 and the roller 
108 during periods when large amounts of power are being 
applied to the pedals 20. There is thus also 
advantageously provided a means of using the location of 
the weight of the rider to prevent slippage between the 
tire 16 and the roller 108. There is also provided a means 
of using the flexibility of the frame 28 to prevent 
slippage and increase the friction between the tire 16 and 
roller 108. 

Referring to Figs. 8 and 10 , a further advantage of 
the present invention is that collapsible means are 
provided so the apparatus can be folded into a compact 
package to make it readily portable. As previously 
described, the first and second axle tubes are rotatable 
about the axis running along the length of bolt 70 (Fig. 
3). By correctly positioning the rotational joint, the 
first and second axle tubes 64 and 66 can be folded into a 
more compact shape. Preferably, they can be folded 
adjacent the side covers 120 and 122. 

The joints 124, 154 and 157 allow the display 152 to 
be folded adjacent the side covers 120 and 122. The fork 
tube 42 and the display tube 150 can fit into the space 
between the side covers 120 and 122. There is thus 
provided collapsible means which allow the apparatus to be 
folded into a more compact, portable configuration than the 
operational configuration of the apparatus. 

Referring to Fig. 2,, the heaviest portion of the 
invention is located at the support plates 56, 58, 60 and 
62, which support the flywheel 116 and the alternator 112. 
Referring to Fig. 9, to increase the ease of portability, a 
pair of rotatable wheels 170 are mounted at the juncture of 
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the rear legs 32 and 34, opposite the joinder of the bottom 
member 30. When the invention is lifted so as to rotate 
about a line passing through the rear legs 32 and 34 , the 
wheels 170 come in contact with the ground or floor so that 

5 the invention can be rolled without dragging the foot pads 
40. The wheels 170 are not able to roll when the apparatus 
is in its operational position as shown in Figs. 1 and 2. 

Referring to Figs. 8-10, preferably, the back surface 
of the covers 120 and 122 and the support plates 56-62 

10 (Fig. 2) are flat so that the invention can maintain a 
stable standing position on its end, in a vertical 
orientation as illustrated in Figs. 9 and 10. 

As previously mentioned regarding Fig. 2, a variable 
load device such as the alternator 112 is connected so as 

15 to rotate in conjunction with the roller 108. As the 
armature of the alternator 108 rotates, current variations 
occur which can be used to indicate the rotational speed of 
the roller 108. The speed can be calculated by measuring 
the time between pulses from a diode on the alternator. 

20 There are six diode pulses for one revolution of the 2.5 
inch diameter roller 108. The pulse data can be used to 
calculate both speed, and distance traveled. The 
alternator 112 is in electronic communication with the 
display unit 152 by means such as wires which are known in 

25 the art, and not described in detail herein. In practice, 
the alternator 112 provides two signals to the display unit 
112, one for speed, and one for resistor voltage through an 
external power resistor 243. 

The resistor voltage communicates with an analog to 

30 digital (A/D) converter in the display 152. The A/D 
converter is known in the art and is not described in 
detail herein. The A/D converter assigns a maximum value 
of 255 to the voltage, which corresponds to a voltage of 25 
volts. A resolution of about 0.1 volts in the A/D converter 

35 has been found suitable. 

Referring to Fig. 11, the display unit 152 contains a 
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computer 2 00 which monitors and/or calculates the 
rotational speed of the alternator 112 and the roller 108. 
The rotational speed of the roller 108 is related to the 
distance travelled, and the speed of the bicycle, which can 
5 be calculated by the computer 200. The computer 200 also 
controls the voltage to the alternator 112 by means of a 
digital to analog (DAC) converter, which adjusts the field 
current in the alternator 112. 

The computer 200 also works in conjunction with a 

10 timer 202 which monitors various functions of the computer 
at predetermined intervals. The timer 202 works in 
conjunction with the computer 200 to calculate the absolute 
amount of friction in the exercising apparatus, and in the 
bicycle mounted on the exercise apparatus. 

X5 The flow chart of Fig. 11, taken in conjunction with 

Figs. 1 and 12, describes a calibration sequence in which 
the rider sits on the saddle 22 (Fig. 1) and presses a 
start button 204 on the display 152 (Fig. 12) in order to 
initiate the calibration sequence. Upon initiation, block 

20 206 (Fig. 11) instructs the system to warm up, which is 
preferably achieved by applying full field current to the 
alternator 112 for about 30 minutes, and then riding the 
bicycle for a few minutes to disperse the grease in the 
bearings. The warmup reduces the temperature effects on 

25 the system accuracy. 

Block 208 initializes the digital to analog converter 
(DAC) to zero, which causes the alternator 112 (Fig. 2) to 
place no additional resistance load (other than inherent 
frictional loads) on the roller 108 (FIG. 2) or tire 16. 

30 Block 210 commands the display unit 152 (Figs. 1 and 12) to 
display an instruction visible by the user to pedal the 
bicycle to at least 25 roph. This instruction appears in 
the display window 212 of display unit 152 (Fig. 12) . When 
the bicycle speed is above 25 mph, an audio signal sounds 

35 to indicate that the rider can stop peddling and remain 
seated on the saddle 22 (Fig. 1) . The display window 212 



also informs the rider to stop peddling after the audio 
signal sounds. 

Block 214 (Fig. 11) starts the coast down calculation 
when the speed of the wheel 16 (Fig. 1) reaches a 
5 predetermined value, 23 mph in this case. Block 216 reads 
the speed of the wheel 16 (Fig. 1) while block 218 stores 
that speed in random access storage (RAM) . Decision block 
220 compares the speed from block 216 with a predetermined 
value, preferably 5 mph. If the speed is greater than 5 

10 mph, the decision block returns the sequence to block 216 
for re-reading the speed. The speed is checked at periodic 
intervals, preferably every 0.12 seconds. When the speed 
reaches 5 mph, the block 222 computes the deceleration of 
the bicycle dV/dT, where dV is the change in velocity, and 

15 dT is the change in time over which the velocity change 
occurred. 

The deceleration is computed by a linear regression, 
with each consecutive 20 speed readings being averaged to 
get a series of velocities, v^, V2, V3, v n for each 

20 velocity v between 5 and 23 mph. A linear regression is 
then performed on the points: 

KL « ( Vi + v i+1 ) / 2 

Yi = (Vi - v i+1 ) / (20 * 0.12) 

Where X£ = average system velocity (mph) 
25 y± - system deceleration (mph/sec) 

The linear regression gives an equation of the general 

form: 

y = A (x) + B 

which is the deceleration due to friction as a function of 
30 velocity. In the general form of the equation, A and B are 
constants, Xi corresponds to " (x) " and yi corresponds to 
"y M which is the acceleration (or deceleration) . . The 
angular deceleration can be calculated by multiplying "y" 
by 14.08 (rad/sec)/mph to get the angular deceleration due 
35 to friction as a function of velocity (mph) . 

Block 224 calculates the frictional resistance in the 
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system in terms of a frictional torque, from the equation: 

T » la 

Where T = Frictional Torque of alternator (N*m) 
I = Mass moment of inertia (N*m*sec 2 ) 
5 a = angular acceleration (rad/sec 2 ) 

The acceleration, or rather deceleration "a" is the 
value computed by block 222 as a function of velocity. The 
system inertia is known or can be calculated, and should 
include the bicycle wheel 14 and tire 16 (Fig. 1) . A 
10 typical value of the inertia, using a 900 gram wheel, is 
0.06296 N*ro*sec 2 . The result calculated by block 224 is 
the frictional torque of the system under a no load 
condition. The constants A and B from block 224 are 

stored in RAM -as shown in block 226. 
15 The power to overcome the frictional torque as 

calculated above can be computed from the equation: 

P = T * w 
where: P = Power (watts) 
T = Torque (N * m) 
20 w = angular velocity (rad/sec) 

Block 227 uses this equation and the above data, with 
the appropriate conversion factors, to derive the power 
lost to friction in terms of the linear regression 
variables A and B: 
25 P f = 11.829 * v * [A * v + B] 

where: Pf = power lost to friction (watts) 
v = bicycle velocity (mph) 
A = linear regression constant 
B ss linear regression constant 
30 The power lost to friction, Pf, represents the power 

lost in the system, including frictional power losses from 
the alternator 112 (Fig. 2). The stator of the alternator 
112 (Fig. 2) may have a residual voltage applied, which 
although small, can cause frictional drag. By knowing the 
35 frictional losses of the system, the alternator 112 (Fig. 
2) can apply power to the system to simulate road 
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conditions, and to compensate for the frictional losses of 
the system to increase the realism of the simulation. 

The accuracy with which real loads are simulated also 
depends on how efficient the alternator 112 is in 
5 simulating the known loads. If the alternator 112 varies 
from the standard alternator used in deriving the original 
equations, applied loads will be less than accurate. To 
calibrate the alternator 112, the sequence then progresses 
to test 2, as shown in block 228. 

10 Referring to the flow chart of Fig. 13, the power 

calibration of the alternator is performed by a second 
test, which determines the efficiency of the alternator 112 
(Fig. 2) with respect to a standard alternator for which 
the performance characteristics are known, as for example, 

15 by measurement on a dynamometer. This standard alternator 
is used to derive the calibration equation for described 
hereinafter, with n = 1 in that equation The comparison 
with the standard alternator allows compensation for 
variations in the electrical performance of the alternator 

20 113 • 

The rider is again instructed to pedal the bike to a 
predetermined speed (preferably 25 mph) by block 230, which 
causes a visual message to appear on the display 152 (Fig. 
1) . An audio signal informs the rider when the 

25 predetermined speed is reached. At that point the rider 
remains seated on the saddle 22 (Fig. 1) while the wheel 14 
(Fig* 1) begins to coast to a rest. Block 232 begins the 
coast down test. Block 234 sets the DAC at a predetermined 
value, preferably 105. The voltage causes the alternator 

30 112 (Fig. 2) to apply a load to the roller 108 (Fig. 2) * A 
mid range load is preferably used, and the 105 DAC value 
corresponds to a mid range load of about 20 mph. 

Block 23 6 checks the speed beginning at a 
predetermined value, preferably 23 mph. Block 238 stores 

35 the speed in RAM, along with the voltage at the power 
resistor 243 in the alternator 112 (Fig. 2) . This voltage 
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corresponds to the power out of the alternator 113 (Fig. 
2). Decision block 240 checks to see if the speed is below 
a predetermined value , preferably 15 mph, and if not, it 
returns to block 236. The loop of blocks 236, 238 and 240 
5 is repeated at periodic intervals, preferably every .12 
seconds, until the 15 mph value is reached. At that point, 
several calculations can be made by the computer 200 (Fig. 
1). 

Block 242 calculates the power dissipated by the 
10 alternator 112 (Fig. 2) at a predetermined speed, 20 mph in 
this case. A regression analysis is performed to determine 
this value in order to eliminate the possibility of 
obtaining incorrect information by taking a single power 
reading at 20 mph. The voltage readings stored in RAM by 
15 block 238 are squared, and then a linear regression 
analysis is performed on the voltage squared as a function 
of velocity: 

xi - v ± 
yi « (E±) 2 

20 where: X£ = average system velocity (mph) 

Vi = incremental velocity readings (mph) 

yi - system deceleration (mph/sec) 

Ej[ = voltage across power resistor 243 

(volts) 

25 The regression analysis results in a linear equation 

having the general form: 

y = C(x) + D 

where: y =a variable that corresponds to E2, the 
voltage across the power resistor 243, squared (volts) 
30 C = a constant 

D = a constant 

(x) = a variable corresponding to velocity v 

(mph) 

Thus the immediately preceding equation can be 
35 rewritten in the form: 

E 2 = C * v + D 
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Where: E = voltage across power resistor 243 (volts) 
v = velocity (mph) 
C = a constant 
D = a constant 

5 A one ohm external power resister 243 (Fig. 2) is 

connected to the alternator 112 (Fig* 2), and the power 
^ dissipated by the external resistor 243 is E 2 . The power 
across the external resistor 243 essentially measures the 
power out of the alternator 113 (Fig. 2) • By substituting 
10 the velocity of 20 mph the power dissipated at 20 mph can 
be found. 

Block 244 computes the power into the alternator 112 
(Fig. 2} as a function of velocity , by performing a linear 
regression analysis similar to that previously described. 
15 This time, however, every 5 speed readings are averaged 
together to get v 1# v 2 , v n where the velocity v is 

between 15 and 23* mph. The regression is performed on the 
points : 

x i = ( v i + vi+i) / 2 
20 yi = [(vi - v n+1 ) / (5 * 0.12)] * [(vi + v i+1 )/2] 

where: Xi = system velocity (mph) 

yi = deceleration times velocity (mph) 2 /sec 
The result of this regression is a linear equation, 
which when multiplied by the proper factors, gives the 
25 power into the alternator as a function of velocity: 
Pi = [F * v + G] * 11.829 

where: Pi = power into alternator (watts) 
v = velocity (mph) 
F ■=* regression constant 
30 G = regression constant 

Block 246 determines the electrical efficiency of the 
alternator 112 (Fig. 2) by taking the- ratio of the power 
out, over the power input, at 20 mph. 

n u = [(E 2 ) / (Pin ~ Pf)]20 mph 
35 where: n u = user's alternator efficiency 

E 2 = alternator output (watts) 
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p in = alternator input power (watts) 
Pf = power lost to friction (watts) 
Block 248 determines the calibration factor which 
gages the performance of a particular user's alternator 
5 with the performance of the standard alternator used to 
derive the foregoing equations. The calibration factor is: 
m = n u / n ca i 

where: m = multiplying factor for alternator 
n u - user electrical efficiency 
10 n ca i = calibrated alternator efficiency 

The calibration factor m is stored in RAM by block 

250. 

The power a rider puts into the alternator is 
calculated by knowing the power out of the alternator 112, 

15 and the alternator efficiency, as compared to a standard. 
The voltage is read across the power resistor 243 in the 
alternator 112 (Fig. 2) . The voltage is used to calculate 
the power exerted by the rider. The power is then 
multiplied by the calibration factor, m, to compensate for 

20 any variations between the user's apparatus, and the 
standard apparatus. 

The display window 212 (Fig. 12) is used to display 
the power values and associated information for use by the 
rider. Following the completion of the coast down tests of 

25 Figs. 11 and 13, the information displayed includes the 
linear regression constants A and B from block 224 (Fig. 
11), the calibration factor m from block 248 (Fig. 13). 
The correlation coefficients for such equations as those of 
blocks 242 and 244 of Fig. 13 can also be displayed. 

30 A computer source code listing for the calibration 

steps as described generally in Figs. 11 and 13 is attached 
as Appendix A. 

The calibration of Figs. 11 and 13 serves to identify 
the various factors that can cause the load to vary from 

35 what is theoretically predicted. By knowing these variable 
factors, and calibrating the apparatus to account for these 



variables or to compensate for frictional losses, the 
accuracy of the load that is applied is greatly increased, 
thus giving an increasingly realistic ride simulation. The 
increased accuracy of the load simulation works in 
5 combination with the increased realism provided by the 
apparatus on which the bike is mounted as described with 
respect to Figs. 1-10, in order to provide for a realistic 
training and exercise apparatus, both as to load exerted, 
and operational "feel." 
10 Once the apparatus is calibrated, the correct loads 

must be determined to properly simulate the desired riding 
conditions. The torque which the alternator 112 presents 
to the exercise apparatus for the rider to overcome was 
found to vary linearly with the voltage across the power 
- 15 resistor 243 squared (E 2 ) for one particular speed with the 
y-intercept equal to zero, where the voltage squared was 
plotted on the horizontal (x) axis, and the power was 
plotted on the vertical (y) axis. The slope of these speed 
or velocity lines was found to be a function of the 
20 exponent of the inverse of the speed, as: 

slope = 0.12832 * e( l /v) - 0.12903 

where: v « rider velocity (mph) 

Using this information, the equation for y^ from block 
222, the equation for n u from block 246, and appropriate 
25 conversion factors, the power dissipated by the alternator 
112 can be written as: 

P A = m[14.08 * v * E 2 * (0.1283 e(Vv) - 0.12903)] 
where: P A = alternator power (watts) 

E = power resistor voltage (volts) 
30 v = road speed (mph) 

m - calibration factor 
The comjmter 200 can accurately simulate the desired 
environmental loads experienced by a bicycle rider. The 
appropriate loads are determined as follows, in the 
35 preferred embodiment. 

The inertia of the bicycle and rider is * simulated by 
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the flywheel 116 (Fig. 2) , as previously described. The 
alternator 112 also has some inertia which must be 
considered. The inertia of a 22 pound flywheel (0.05648 
N*m*sec 2 ) when combined with the inertia of the alternator 
5 112 (Fig* 2) has the same inertia as a 113 pound man with a 
25 pound bike. 

The rolling resistance of the bike is given by the 
equation; 

• p R = 4.448 * C R * W 
10 Where: Fr = rolling friction (N) 

Cr - coefficient of friction 
W = weight of rider and bicycle (lbs) 
This equation assumes the bearing friction is 
accounted for in the coast down tests of Figs. 11 and 13. 
15 A coefficient of friction of .004 is preferably used as a 
median representation of the friction for good clincher 
tires on a variety of surfaces. 

The aerodynamic drag of a bicycle rider is given by 
the equation: 
20 F D = 0.54 * A * v 2 

Where: F D = air drag (N) 

A = frontal area of bicycle and rider (m2) 
v = velocity of bicycle (m/sec) 
This drag equation assumes a drag coefficient of 0.9, 
25 and the standard air density at sea level. The frontal 
area A changes with rider position and rider size. 
Assuming that the frontal area varies linearly with rider 
weight, and a 125 pound rider has a frontal area of 0.306 
m 2 while a 180 pound rider has a frontal areas of 0.409 m 2 , 
30 and a 25 pound bike with the bike's frontal area included 
in the preceding figures, then the aerodynamic drag 
equation becomes: 

Fd V 2 [(0.00103 * W) + 0.0113) 
Where: Fd - air drag (N) 
35 v = velocity of bicycle (m/sec) 

W = weight of rider and bicycle (lbs) 



If the velocity is given in units of mph, then the 
first and second constants become 0.000206 and 0.00227 
respectively. Further variations in the aerodynamic drag 
equation can be made if it is desired to simulate race 
5 conditions such as the position of a rider within a pack of 
riders. A 30% reduction in air drag is believed to be 
appropriate for use in the illustrated embodiment if a 
rider were within a pack of riders. 

Assuming a 25 pound bicycle, the load on a bike rider 
10 due to inclined or graded surfaces, such as hills, can be 
calculated as; 

F G = 4.448 * G * W 
Where: Fq = force due to grade (N) 

G = percent grade (e.g. 45% angle = 100% 
15 grade) W = weight of rider and bicycle (lbs) 

Since power is equal to force times velocity, the 
power experienced by a bike rider can be obtained by 
combining the equations for the above forces, to yield the 
equation: 

20 P r = 0.447 * V * (Fr + F D + F G ) 

Where: P r = road power for rider (watts) 

v = velocity (mph) 

Fr - force from rolling resistance (N) 
Fp = force from air drag (N) 
25 Fq — force from hills (N) 

For given riding conditions from the above equation, 
the speed for the rider can be calculated, and an 
appropriate voltage determined to be applied to the 
alternator 112 in order to simulate that road power. A 
30 feedback loop is used in the monitoring and adjustment of 
the load exerted by the alternator 112. The power a rider 
is exerting is calculated from the equations 

Pin - Ph + Pf 
Where: = rider power exerted by rider (watts) 

35 P A =5 alternator power into system (watts) 

Pf = friction power (watts) 
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The computer 200 (Fig. 1) controls and modifies the 
DAC value, which in turn varies the alternator power Pa as 
needed to simulate the riding conditions. The DAC value is 
modified according to the equation: 
5 DAC n = DAC 0 (Pin / p r) 

Where: DAC n = new DAC value 

DAC D = previous DAC value 
Pi n = rider power in (watts) 
P r = desired rider power in (watts) 
10 Preferably the DAC n value is limited to a maximum 

increase of 40 percent. By using the above load equations 
and calibration modes, the load experienced by the rider 
can be varied in a more realistic manner than previously 
possible. 

15 The computer 200 can be programed to simulate several 

riding conditions . Referring to Fig . 12 , a programming 
capability is provided whereby the rider can use the keys 
on the keyboard 252 to select desired loading conditions 
for specified times and/or speeds. Similarly, the keyboard 

20 252 can be used to recall a stored loading program from the 
computer 200. One such program is the race mode where the 
rider competes against other racers simulated by the 
computer 200. 

Fig. 14 shows an exemplary display window 212 for the 
25 race mode. A first cursor 254 on the display window 212 
indicates the position of the rider in a window 256 which 
displays the pack position so the rider can visualize 
his/her position with respect to other racers. The window 
212 also displays the rider's speed , the elapsed time, the 
30 miles traveled, the cadence or pedal rpm, and the rider's 
heart rate. An elevation profile 258 of the course and the 
rider's position on the course is also displayed in the 
window 212. A second cursor 257 indicates the rider's 
position on the course so the rider can visualize the 
35 rider's position with respect to not only the pack via 
window 256 , but also with respect to the overall course and 
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race. The blocks in the window 212 labeled "OTB" and "0TF" 
allow the first cursor 254 to move within and out of the 
pack a predetermined extent. "0TB" means "off the back" of 
the pack, and "OTF" means "off the front" of the pack. 
5 The race mode can use preprogrammed race courses, as 

for example the course used in the 1984 Olympics. Another 
preprogrammed course would be a constant incline, sometimes 
referred to as a fixed grade, where the amount of the 
incline or grade can be selected by the rider. 

10 Alternately, the rider can independently program a course 
created by the rider. In either event, the computer 200 
will control the alternator 112 (Fig. 2) to provide the 
appropriate loads that simulate the terrain traversed over 
the length of the course. The rider can select the 

15 difficulty of the competition by use of the keyboard 252, 
in order to compete against riders of varying competence. 
The greater the competence of the riders, the faster the 
course would be traversed. 

In real races, the riders will bunch up to form a 

20 "pack" for much of the race. The pack of riders will 
progress at varying speeds, sometimes maintaining constant 
speed, while sometimes increasing speed as riders vie for 
position. The computer 200 is thus programed to vary the 
pack speed, preferably in a random manner so the rider can 

25 decide whether to alter position as the pack speed varies. 

As previously mentioned, the load experienced by a 
rider can vary depending on the rider's position with 
respect to the pack since the wind resistance is less for 

30 riders in the pack than for those riders who lead or trail 
the pack. There is thus provided a rider controllable 
position relative to a pack of simulated riders of a 
preselected capability, with the rider position relative to 
the pack varying the wind load experienced by the rider. 

35 Fig. 15 shows a flow chart of a race mode simulation, 

while Appendix B contains a computer source code for this 



simulation and related pack position and power 
calculations. Block 260 allows the rider to select the 
level of competition for the race. The more difficult the 
competition, the greater the loads which must be exerted by 
the rider on the apparatus in order to keep up with the 
competition. The loads exerted on the rider by the 
exercise apparatus, however, are determined by the selected 
race course as simulated by the alternator 112 (Fig. 2) . 

The selection of the race course or of the level of 
competition from the 'simulated riders is made by using the 
keyboard 252. Block 262 allows the rider to select the 
racecourse. A fixed grade may be input, a preprogrammed 
course can be selected, or a new course can be input by the 
rider, again by using the keyboard 252 in conjunction with 
computer algorithms. Block 264 allows the rider's weight 
to be entered since that affects the load simulation. 

Block 266 reads the A/D converter which in turn reads 
the analog voltage across the external power resistor' 243 
connected to the alternator 112 (Fig. 2). Block 268 
converts that analog voltage to a digital value where the 
digital value is linear with a maximum of 255. The 255 
digital value corresponds to a voltage of 25 volts. Block 
270 then computes the appropriate power for the given road 
simulation according to the formula: 

Ptotal = p f + ^ 
Where: Ptotal = total power to be overcome by rider 

(watts) 

p f = power lost to friction (watts) 
P A = alternator power (watts) 
The equations for Pf and P^ have been previously 
defined. 

Block 272 averages the total power Ptotal over a one 
second period and displays that power on the display unit 
152 (Fig. 1) . Block 274 computes the pack power based on 
the level of experience selected by the rider. Block 276 
computes the pack distance to determine the position on the 
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racecourse. Block 278 displays the position of the rider 
with respect to the pack position, via window 256 (Fig. 
14) . Block 280 checks the speed of the rider so that block 
282 can compute the wind force on the rider, using the 
previously discussed formula for air drag Fn. 

Decision block 286 checks to determine if the rider is 
within the pack, and if so, block 286 reduces the air drag 
to account for the reduced wind resistance from being in 
the pack. The reduction is 30 % in the described 
embodiment. Block 288 computes the loads from the grade 
and rolling resistance, Fg and Fr, as previously discussed. 
Block 290 computes the desired power, P r , as previously 
described, to be applied to the alternator 112 (Fig. 2) to 
simulate the above combination of loads. 

Once the desired amount of power needed to simulate 
the riding conditions is determined, decision block 292 
checks to see if the desired power is equal to the actual 
power resistance being exerted on the apparatus by the 
alternator 112 (Fig. 2) and inherent friction in the 
system. If the desired power is the same power being 
applied, no adjustment is necessary and the computer 
algorithm of Fig. 15 returns to block 266. 

If the desired power is not equal to the power being 
applied, then the program proceeds on to block 294 which 
computes the percentage ratio of the desired power and 
applied power. Decision block 296 determines whether this 
percentage difference is within predetermined limits of 
acceptability. A 40% difference in the percentage ratio 
acceptable in the described embodiment. If the percentage 
difference is beyond the predetermined value, the program 
proceeds to block 298 where the percentage ratio is 
adjusted. To prevent sudden surges in load variability, 
any adjustment of the percentage ratio is limited so as not 
to exceed a predetermined range, which is plus or minus 
40%. in the illustrated embodiment. A no decision from 
block 296 leads to block 300, as does the natural exit from 
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block 298. Block 300 calculates a new DAC value according 
to the equation: 

DAC new - (%) (DAC old ) 
Where: DAC new = new DAC value (volts) 
5 DAC 0 id = prior DAC value (volts) 

% = percentage ratio from block 294 or 298. 
Following the adjustment of the DAC value, the program 
returns to block 266 for another iteration. These 
iterations are repeated at least every second. This 
10 computer algorithm allows the rider to train, practice, and 
experience the exertion required to participate in well 
recognized courses, in a realistic simulation, and monitor 
the rider's performance on an absolute time basis, and on a 
relative basis with respect to a pack of riders having a 
15 predetermined ability. 

Another capability of the apparatus is to monitor the 
rider's heart rate, and adjust the load experienced by the 
rider to maintain the heart rate within predetermined 
limits. A flow chart of a computer program to achieve this 
20 purpose is shown in Fig. 16. A copy of a computer source 
code implementing this flow chart is attached as Appendix 
C. 

The rider initiates the program by keying in the 
request from keyboard 252 (Fig. 12). Block 300 initiates 

25 the program and 226-Arts requests the rider to input 
information on the upper and lower limits for the heart 
rate. If no values are input, a default program (not 
shown) displays, a request on window 212 that the rider 
input the age and sex of the rider, which information is 

30 input by keyboard 252. For males, the maximum heart rate 
is calculated as 220 minus the age. For females, the 
maximum heart rate is calculated as 226 minus the age. 
Using this information, limits of. 70* to 85% the maximum 
attainable heart rate during an all out effort are selected 

35 from data accessible to computer 200 (Fig. 1) . 

Block 301 sets the DAC to zero so there is no load 
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exerted by the alternator 112 (Fig, 2) , and tells the rider 
to warm up by a display message in display window 212. As 
indicated in block 3 02, the warm up lasts for a 
predetermined time, two minutes in this case. 
5 Preferably, the rider makes the necessary connections 

before the warmup period begins so that information on the 
rider's heart rate can be input into the computer 200 in 
the display unit 152 (Fig. 1). Various methods known in 
the art can be used to monitor the rider's heart rate and 

10 transmit it to the computer. Preferably, however, the 
rider wears a chest belt containing a pulse sensor to sense 
the rider's heart rate. The belt also preferably contains 
a transmitter so the information can be transmitted to a 
receiver in the computer 200 in the display unit 152 (Fig. 

15 1) • Such devices are known in the art and are not descried 
in detail herein. 

The upper limit (UL) and lower limit (LL) are 
used in the decision block 306 to determine whether the 
heart rate (HR) is such that the load exerted on the 

20 apparatus by the alternator 112 (Fig. 2) should be 
increased, decreased, or remain the same. Decision block 
306 monitors the heart rate, and if it is within a 
predetermined range then the load is not altered as 
indicated in block 310, and the display window displays a 

25 signal to indicate all is well, as in block 312, after 
which the program returns to recheck the heart rate. The 
predetermined range selected in Fig. 16 is that the heart 
rate must be greater than: 

LL + (UL - LL) * .2 

30 and less than; 

UL ~ (UL - LL} * .2 
Where*. LL - lower limit (from block 306) 
UL = upper limit (from block 306) 
Essentially, no consideration is given to changing the 

35 load until the heart rate approaches to within 20% of 
either the upper or lower limits. 
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If the heart rate was within 20% of the lower heart 
rate limit, then the algorithm proceeds to decision block 
320 which checks to see if the DAC value just recently 
increased. Since the DAC value affects the load exerted by 
5 the alternator 112 (Fig. 2), this step essentially checks 
to see if the load exerted on the rider has recently 
increased. If the answer is no, the algorithm proceeds to 
block 324. If the answer is yes, the algorithm proceeds to 
block 322 which checks to determine whether the DAC value 

10 has been unchanged for more than a predetermined time, 40 
seconds in this case. This step is essentially checking to 
see if the load exerted on the rider has been unchanged for 
40 seconds. If the DAC value has not changed for at least 
40 seconds, the program returns to block 306 and re-reads 

15 the heart rate. If the DAC value has not changed for 40 
seconds or more, the program proceeds to decision block 
324, which checks to see if the DAC value is at a 
predetermined level, which in this case is selected as 255. 
As previously mentioned, 255 is the maximum DAC value, and 

20 corresponds to a voltage of 12 volts at the field coil of 
alternator 112 (Fig. 2). If the DAC value is 255, the 
program goes to block 326 which displays a request for the 
rider to increase the effort being exerted, after which it 
returns to block 306. If the DAC value is below 255, then 

25 the program proceeds to block 328 which increases the power 
by a predetermined amount, which was selected as 10 watts 
in the preferred embodiment. The program then returns to 
decision block 306. 

If the rider's heart rate is within 20 % of the upper 

30 heart rate limit, then the program goes to decision block 
330 which checks to see if the heart rate has exceeded the 
upper liistit by a predetermined amount, which was selected 
to be 5 in Fig. 16. If the answer is yes, the heart rate 
is too high and the program goes to block 332 which sets 

35 the DAC to zero to • reduce the load, displays a signal on 
the display unit 152 (Fig. 1) telling the rider to decrease 
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effort:, and gives an audio signal (a beep) until the heart 
rate is lowered to within the pre-specif ied limits. The 
program then returns to block 306 to check the heart rate. 

If the decision from block 330 is that the rider's 
heart rate is not greater than the predetermined amount, 
then the program goes to decision block 334 , which checks 
to see if the DAC was just decreased. If it has just 
decreased , then the program proceeds to decision block 336 
to see how long the heart rate has been heart rate has been 
above the upper limit. If the DAC has not just decreased, 
then the algorithm proceeds to block 338. 

Block 336 checks to see whether the DAC has changed 
within the last 20 seconds, and if so the program returns 
to block 306. if the DAC has been unchanged for 20 seconds 
or more, then the program proceeds to decision block 338. 

Block 338 checks the DAC value, and if it is zero, the 
program proceeds to block 332 which was previously 
described. if the DAC value is not zero, then block 340 
decreases the power to the alternator 112 (Fig. 2) by a 
predetermined amount, which is 10 watts in Fig. 16. After 
decreasing the power, the program returns to block 306. 

The algorithm of Fig. 16 thus maintains the load on 
the exercise apparatus so that the heart rate stays within 
predetermined limits, and initiates corrective measures as 
the heart rate approaches those limits. The fast and 
accurate response of the alternator 112 (Fig. 2) to the 
load variations allows the loads to be adjusted quickly and 
accurately enough to maintain the heart rate within the 
preselected limits. The display unit 152 (Fig. 1) provides 
visual and audio communication to the rider to further 
maintain the effectiveness of the system. 

When combined with the prior improvements, the method 
and apparatus for controlling the heart rate allows a racer 
to optimize the training for a race. The apparatus for 
supporting the racer's bicycle provides a realistic ride 
simulation or "feel." The calibration of the friction and 



— / — 



alternator efficiency allow the loads to be accurately 
simulated and to accurately simulate various race 
conditions. The effects of wind load and pack position can 
be simulated. The computer and race course selection 
5 allows a variety of races to be simulated, so the rider can 
practice any pre-programmed course, or program 
independently. The ability to select various levels of 
competition, and to race against the simulated competition 
provides race incentive. The random variation of pack 
10 performance during a race allows the racer to practice 
various race strategies. The heart rate monitor allows the 
racer to track physical performance while having the 
exercise device take steps to control the load which 
affects the heart rate. 

15 
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F74e.*?C6CiS2 
F749*-9C6~C2 
F74C*vC 2182 

F7-53*8DAe~F 
F757* 

F757*2eef r F=- 

F75h*-A-22 

F7SI>S5C' 1 

F75£*-f-4y e 

F766*A9t.E 

F762*Ae5S 

F764*2e58A3 

F767*A?24 

F769*S501 

F76B*A99F 

F7"6D*A053 

F76F*-Z058A3 



; COPYRIGHT 1?S£ FRONTLINE TECHNOLOGY, INC. 

CALIBRATE 

JMP MMD ; A FDR NOW 

STZ DACTMF ; ZERO THESE ? 
STZ STARTFLG 
STZ SIGNFLG 

LDA #e 5 

STA S7FA& ;G< DAC 

JSR RESVAL ; RESET ALL VALUES 

CALIBRATES 

JSR CALIB^SF- ; "CALIBRATE" AND "SPEED" 
LDA #S22 
STA ADZ'F+l 
STZ A I'D?. 

LDA *LOW M2E6 ; "PRESS THE " START * MENU KEY TO BEGIN CALIBRm-IOV 
LDY 41 HIGH. M2Se- 
JSR PRTMS6 
LDA #*24 
STA ADDR+1 

LDA HLOU M2B7 j" PRESS THE "HELP"... 0 
LDY #HI6H M287 
JSR PRTMSG 



F772>A998 

F774*A*4E 

F77&*20E7DA 

F77?*AP6E 

F77B:*A04I 

F77D*28F4DA 

F788*A9FC 

F782*A042 

F7e4*2061DB 



LDA-ttLQU Ml 95 :" START" 

LDY ttHIGK Ml 95 

JSR INVMS6C1 } 1ST SOFTKEY 

LDA *LOU M65 ; "PREVIOUS MENU" 

LDY #HI6H M65 

JSR INVMSGC2 ;2ND SOFTKEY 

LDA **LOW M81 ; "MAIN MENU" 

LDY #HIGH M81 

JSR INVMSGC3 ;3RD SOFTKEY 



F787* 
F787*645F 

F-7H9* 

F789*A55F 

F7BB*F8FC 

F78D*C91 1 

F78F*FB15 

F79i*C912 

F793»D003 

F795*4CC7C8 

F798»C9I3 

F79A*D803 

F79C»4C3D8l 

F79F*C93F 

F7A1*D8E4 



CALIBRATE2 
STZ KEY 

CALIBRATES 

LDA KEY 5 ANYTHING FROM KEYEOARD? 

BEQ CALIBRATES ;NO 

CMP #SU ; START 

BEG CALIBRATES 

CMP #$12 j PREVIOUS MENU 

BNE *+5 

JMP SETUP 

CMP #S13 ;MAIN MENU 
BNE *+5 
JMP MM0 

CMP #'?' ;HELP 
BNE CALI BRATE2 



j HELP MENU HERE 



Appendix 
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F7aS:*2&63BE 



JSR BEEP 



F7A6* 

F7A6*SDBe7F 
F7A?*AD6A62 

3=vAC*4E. 

-F7AD*2eSSD* 
F7Be*6S 

jF7B:*8DeAe2 

F7B4#2C68BE 

F7B7*20 8FF? 

F7BA*A922 

F7BC*95ei 

F7BE*6«66 

F7C6 *A ?CA 

F7C2*A053 

F7C4«205SA3 

F7C7«A980 

F7C9*8500 

F7CB*A906 

F7CD«A054 

F7CF*205SA3 



CALIBRATES : START 
STA t7FB& ; START A/D 
LDA STARTFLG jSAVE 
PHA 

JSP RES'v'AL ; RESET ALL VALUES 
PLA 

ST^i STARTFlG ; RESTORE 
JSR BEEP 

JSR CALIBDSP {"CALIBRATE" AND " SPEED" 
LDA #S22 
STA ADZ-P + 1 
STZ ADDR 

LDA #LOU: M288 ; "PEDAL YOUR BICYCLE..." 
LDY #HI GH M28S 
JSR PRTMSG 

LDA #*&e 

STA ADDR 

LDA ttLOW M289 ;"YOU HEAR THE BEEP." 
LDY #HIGH M289 
JSR PRTMSG 



F7D2*A939 

F7D4*A054 

F7D©*20E'DA 

F7D?*209FAS 

F7DC«A9C3 

F7DE*S51C 

F7E0*A905 

F7E2*851D 

F7E4*A9A0 

F7E6«851A 

F7E8«A9eE 

F7EA*851B 

F7EC*9C6B02 



LDA »LOW M291 ;" CANCEL" 

LDY #HIBH M291 

JSR INUMSGC1 {1ST SOFTKEY 

JSR IRQENABLE : ENABLE IRG'S 

LDA *LOU DACDAT ; BEGINNING RAM FOR SPEED 

STA PNT14 

LDA MHI6H DACDAT 

STA PNT14+1 

LDA #LOW CRSDAT ; BEG INNING RAM FOR VOLTAGE 

STA PNT13 

LDA #HIGH CRSDAT 

STA PNT13+1 

STZ EXPFLG ;CLR FL6 



F7EF* 

F7EF*645F 

F7F1*9C2102 



CALIBRATED 
STZ KEY 
STZ SIGNFLG 



F7F4* 

F7F4«A55F 

F7F6*D087 

F7F8*A5A4 

F7FA«D80A 

F7FC*4CBCF8 



CALIBRATE7 

LDA KEY ; ANYTHING FROM KEYBOARD? 
BNE CALIBRATES ;YES 
LDA TIMERS ;0.12 SEC? 
BNE CALI BRATE9 ;NO 
JMP CALIBRATE 11 



F7FF* 
F7FF«C91 1 
F861*D0EC 
F803*4C43F7 



CALIBRATES 
CMP #*1 1 i CANCEL 
BNE CALIBRATE 6 
JMP CALIBRATE 



F886* 



CALI BRATE9 ;0.12 SEC 



TT V# 07/U10U / 



1" 1/ UOOO/U^^UD 



-58- 

Hu-rrt = v i 1 1 e Macro ftssemMer e'5CC'2 cress = err.z ' er -for F I-DCS 2 . C 1. :.E2_ 

•".oS'.:e: EIr ir-" 





J BR 


ADA'^G ; RUNNING 1 ft A-'D READINGS 




lda 


RPMFLG ;A SPEED PULSE YET? 




BEG- 


CALIBRATE? 5 NO 




JSR 


RPMCALC ; CALCULATE SPEED 


C C « i> *. - - r. E>C| -• 

t C * V ~ W V ta' t- *- 




FVPFLG 


FE : 3*78*5 


BUS 


CALI BRATEl 6 A ; ALREADY PAST 23 MPK ON COAST DOl'N 


Fe:5.*;:»?42 


BKI 


CAwIBRATEie j PAST 25 M»r. ON UF SIDE 


F£l.7*«D29&3 


LDA 


SPDHEX ;>25.5 MPH? 


F&iA*oec-~ 


BNE 


CALIBRATED :YES 


FS10AD2A83 


LDA 


SPDHEX* 1 $25 MPri YET? 


» C • »^ ^ w "rW 


CMP 


#256 


FB2i:*?0CC 


BCC 


CALIBRATED ;N0 


FE23* 


CALIBRATE** 


Fe23*-A:2!C2 


LDA 


SIGNFLG ;2 TIMES? 'MINI? *I ZE NOISE) 


FB26*C'C-e5 


BNE 


CALIERATE9A2 ;YES 


F£2S*EE21 B2 


INC 


SI GNFLG 


F82B*ee-C7 


BRA 


CALI BRATE7 


FB2D* 


CALI BRATE9A1 


F82D*26*BBE 


JSR 


BEEP 


F83e«A988 


LDA 


#$80 


F832»8DeB82 


STA 


EXPFLG 


F835*286FF9 


JSR 


CALIBDSP CALIBRATE" AND "SPEED" 


FB3g*A-922 


LDA 


#S22 


FB3A*858 1 


STA 


ADDR+1 


FB3C*64ee 


ST2 


ADDR 


FB3E*A918 


LDA 


#LOW M290 ;" CONTINUE COASTING..." 


FB4#*A654 


LDY 


#HIGH M298 


FB42*285SA3 


JSR 


PRTMSG 




LDA 


#LOW M291 CANCEL" 


FB47*A854 


LDY 


#HIGH M291 


F849»28E7DA 


JSR 


INVMSGC1 ;1ST SOFTKEY 


F84C«2C6A82 


BIT 


STA RTF LG ;DAC 165? (2ND COASTDOWN) 


F84F#10?E 


BPL 


CALIBRATE* ;NO 


F851*A969 


LDA 


#105 ; LOAD DAC WITH 105 


F853*8DA07F 


STA 


*7FA0 


F856*4CEFF7 


JMP 


CALIBRATE 6 


FB59* 


CALIBRATED 


F859«AD2903 


LDA 


SPDHEX ;>255? 


F85C*DB?1 


BNE 


CALIBRATE* fYES 


Fe5F*AD2AB2 


LDA 


SPDHEX+1 


FB61*C9E7 


CMP 


#231 i CROSSED 238 YET? 


F863*90e3 


BCC 


*+5 


F865»4CEFF7 


JMP 


CALIBRATE* ;NO 


Fe68*AD2.102 


LDA 


SIGNFLG %2 TIMES? 


FB*B*D805 


BNE 


CALI BRATEl 0AA ;YES 


F8*D*EE2102 


INC 


SI GNFLG 


F870»B082 


BRA 


CALIBRATE? 


F872* 


CALI BRATE1 BAA 


FB72*A9FF 


LDA 


#SFF 


FB74*SD6BB2 


STA 


EXPFLG 


F877*4CEFF7 


JMP 


CALIBRATE* 



SUBSTITUTE SHEET 
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FB7A* 


CALIE'RmTEI 0A 


FS7A*2C0A02 


BIT STmkTFli? ;6 OF. 165.' 


FB7DM61D 


BPL CALIBRATE IBB 


_FS7F*AD2A0 2 


LDA SPDHEX+1 


>t. _ _ _ . _ _ 


CMP #151 ;15 MPH YET:-' 


Fss4* c c-ei 


EC C *+5 


FBS**4CEFF7 


JMP CALIBRATE* 


cf FSS c *Ar£l 62 


LDA SIGNFLG ;2 TIMES'* 




BNE CALIBRATE!**! ;YES 


Fe8E*££2162 


INC SIGNFLG 


Fe91#4CF4F7 


JMP CALI BRATE7 


FS?4* 


CALI BRATE 1 0A1 


FS'*4*A900 


LDA *»e 


F89s*SDA07F 


STh S7FA6 ; RE-ZERO D«C 


FB99*4C47FA 


JMP CALDAC1 05 ; A FOR NOul 


F89C* 


CALIBRATE10B 


F89C*AD2AB3 


LDA SPDHEX+1 


F89F*C933 


CMP *51 J CROSSED 5 MPH YET? 


F6At*9003 


BCC *+5 


F8A3*4CEFF7 


JMP CALIBRATE* ;N0 


FSA6*AD21 02 


LDA SIGNFLG ;2 TIMES? 


F8A9*D006 


BNE CALI BRATE 10B1 ;YES 


F8AB*EE2102 


INC SIGNFLG 


F£AE>4CF4F7 


JMP CALIBRATE? 


FBB1* 


CALI BRATE1 0E1 


F8B1*205BF9 


JSR CALDAC0 ; DO CALCULATION FOR 0 


FBB4*A9FF 


LDA M$FF 


F8B<f.*6D0A82 


ST A STARTFLG 


F8B9*4CA6F7 


JMP CALIBRATES 


FSBC* 


CAL I BRATE 11 ; D I SPLAY SPEED 


F8BC*A993 


LDA #3 


F8BE*85A4 


STA TIMERS 


F8C0*202DF9 


JSR SPEEDISP 


FBC3*2C0B02 


BIT EXPFLG ; CALIBRATION RUNNING? 


F8C6*5044 


B^C CALI BRATE 12 ;N0 


FSC6*A0©0 


LDY *0 


F8CA*AD2A03 


LDA SPDHEX+1 ; STORE SPEED 


F8CD*?11C 


STA <PNT14> ,Y 


~F8CF#E61C 


INC PNT14 


F6D1*D062 


BNE *+4 


F8D3»E61D 


INC PNT14+1 


3 F8D5*A51D 


LDA PNT14+1 


F8D7*C?4e 


CMP #*46 ;OUT OF RAM? 


F8D9#D806 


BNE CAL I BRATE 1 1 A ;N0 




;OVER RAM LIMIT - DISPLAY SOMETHING 


FBDB*2068BE 


JSR BEEP 


FBDE«4CDEF8 


JMP ♦ 


FBEI* 


CAL I BRATE 1 1A 



SUBSTITUTE SHEET 
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F8E:»-2C6AC'2 
F8E4*1 626 

FBE6* 

F8ES*AD4904 

FBEE*=1 

F8ED«CS 

F8EE*AD4Ae4 

FgFi*?llA 

F8F3*1S 

F8F4*A51A 

F8F£*e.?e2 

F8F8*S51A . 

FSFA*A5lB 

F8FC*.f.?ee 

F8FE*851B 

F906»A51B 

F962*C946 

F964*D00<5 

F906*2668BE 
F?09*4C09F9 

F90C* 

F96C*4CF4F7 



BIT START FlC* 
BPL CALIBRATE 12 



;DAC6 



CALIBRATE1 IB 
LDY #6 

ADTDT ; STORE 
CPNT1 3> ,Y 



LDA 
STA 
INY 
LDA 



A/D SUM OF 18 READINGS 



ADTQT+ 1 
(PUTiS) ,Y 



CLC 

LDA PNT1 3 

ADC 82 

ST A PN7 1 3 

LDA PNTI3+1 

ADC #6 

STA PNT13+1 

LDA PNT13+1 

CMP #$40 ;0UT OF RAM? 

BNE CALIBRATE 12 ;N0 

;0VER RAM - DISPLAY SOMETHING 

JSR BEEP 

JMP * 

CALIBRATEI2 
JMP CALIBRATE? 



F90F* 

F90F#206BA3 

F912«26C3F5 

F91 5*6400 

F917*A926 

F919«8561 

F91B*A9A9 

F91D*A04E 

F91F*2058A3 

F922*A924 

F924«8501 

F926*A91E 

F928«A04F 

F?2A*4C58A3 



'CALIBRATE" ANF "SPEED" 



CALIBDSP ; DISPLAY 
JSR CLRDSP 

JSR HVLIN JH0RI2 AND WERT LINES 
ST2 ADDR 
LDA #$26 
STA ADDR+1 

LDA #LOW Ml 98 ; "CALIBRATION" 
LDY #HIGH Ml 98 
JSR PRTMSG 
LDA #$24 
STA ADDR+1 

LDA #LOW M213 ; "SPEED" 
LDY #HI6H M213 
JMP PRTMSG 



F92D* 

F92D*AD2903 

F936»856C 

F932*AD2A03 

F935»856D 

F937«646B 

F939*261FBA 

F93C»A924 

F93E*8501 

F946*6400 

F942*A568 



SPEED ISP ; DISPLAY SPEED 

LDA SPDHEX 

STA HEX+1 

LDA SPDHEX+1 

STA HEX+2 

ST 2 HEX 

JSR HEXASC 

LDA #$24 

STA ADDR+1 

ST2 ADDR 

LDA ASCI +5 



SUBSTITUTE SHEET 



-61- 



Huntsv-ne- Macro Assembler 65C02 cross a; 



iMibler -for PC-DOS 2.* c*:-« 

r.-.cu'. e e: - :- 



F944*mC*1' c 


L_ L > TTW 




r T -rC •* ^ i v v 


£TA <ADDR) »Y 






I NY 






LDA A c -CI + £ 




F94E*~1 ec- 


STA (AC'C'R-- , Y 




?F94D*C* 


I NY 




F94E*~ r '2E 


LDA # . ' 




F9se**:ec 


STA i ADDR> .Y 




^F952*CS 


I NY 




F952*A5*£ 


LDA ASCI +? 




F955*9I 


STA (ADDS" 1 - ,Y 




F?57*66 


PTS 




F95S* 


CALDAC& : COAST 


DOWN <e DAC > COMPLETE 




LDA #LOUI DACDAT ; BEGIN SPEED RAM 




STA PNT15 






LDA #HIGH DACDAT 


F95E*851F 


STA PNT15+1 


; RESET CALIB VALUES 


F96B*28C5FD 


JSR RESCALVAL 










STZ MCAND 






STZ MCAND+1 




p TO r T nv v V 


LDY *B 




r70T*h^ i W • 


LDX *19 






CALDAC96 ;SUM 


OF 20 SPEEDS 


F70D* * to 


CLC 




F9oL-*bl 1 c 


LDA <PNTl-5> iY 




F96E*o52? 


ADC MCAND+1 




Fy70*oj/7 


STA MCAND+1 




F972*A988 


LDA #e 




F974*6528 


ADC MCAND 




Ft76*o5Zo 


STA MCAND 




Fr76*CA 


DEX 






BMI CALDAC8H 


;NEXT POINT 


F97B*20 36rA 


JSR INCPNT1 5 


F97E*D0EB 


BNE CALDAC0G 


;NOT DONE YET 


F986MCEDF9 


JMP CALDAC0K 


;YES 


F9B3* 


CALDAC0H 




F.to3*Zp wr<» 


JSR RDYFAC 




F986*A529 


LDA MCAND+1 




F988*B3L>A 


STA FACLO 




F9BA*A52B 


LDA MCAND 




F7oC*ojD7 


STA FACMO 






JSR NORMAL ;NORMALIZE TO FLOATING r 


z F991#A268 


LDX *LOW FACTMP1 ; STORE 


F993*ABB3 


LDY #HIGH FACTMP1 


F995«2BBDcS8 


JSR MOUMF 




F998*AD49B3 


LDA HRTCNT ;1ST TIME? 


F99B*FB3A 


BED CALDACB I 


;YES 


F99D*A9£D 


LDA #LOUI FACTMP2 ;GET LAST AUG 


F99F*A603 


LDY #HI6H FACTMF2 



TTV07/U10V/ r^i/uaaa/uz!w:> 



-62- 



Huntsviile Macro Assembler 65CC2 cro«i asserr.b!er -for r'C-T'Cr 2 . C* m : . E' 



F9Al*20EDc-4 


JSR 


FSUB :LAST - THIS AUG 




JSF. 


MOUAF 




LDA 


ttLOU I NT 4 5 £ ;4Se 28* .12*26 CAVG>*1 6 (SPEED J 


F9A9+-A064 


LDY 


ttHIGH INT4S0 


F9AB*2C-DFe-7 


JSR 


MO'v'FM 


F9AE*26EA e T' 


JSR 


FPDIV 


F9E1 *A2c3 


LDX 


#LOk ! FACTMP ;Y 


F?E3:*-ftf?65 


LDY 


ttHIGH FACTMP 


F9E5+2D0DC.8 


JSR 


MDVMF 



F?ES*A?fS 


LDA 


ttLOW FACTMF'l ;THIS 


READING 


F9BA*A@e3 


LDY 


ttHIGH FACTMP 1 




F9SC*20DFfr7 


JSR 


MOUFM 




F9EF*A96D 


LDA 


ttLOU' FACTMP2 ;LAST 


READ 


F9ci*Aee? 


LDY 


ttHIGH FACTMF2 




F9C3*208465 


JSR 


FADD 





F9C6*A9B4 


LDA 


ttLOU INT0625 ;0.8825 l/< 2*28 <AVG>*1 8 C SPEED) ) 


F9C8*A064 


LDY 


♦♦HIGH INT8025 


F9CA*286566 


JSR 


FMULT 


F9CD*A27C 


LDX 


ttLOU ARGTMP ;X 


F9CF*AB03 


LDY 


ttHIGH ARGTMP 


F9D1*280D68 


JSR 


MOVMF 



F9D4*2B38FC 



JSR LINREG 



"F9D7* 
F9D7*A2B4 

F9D9* 

F9D9*BD6883 

F9DC*9D6D83 

F9DF*CA 

F9E0*18F7 

F9E2*EE4903 

F9E5*2836FA 

F9E8*F803 

F9EA*4C63F9 

F9ED* 

F9ED*2033F4 

F9F8*CE4983 

F9F3*AD4983 

F9F6*85DA 

F9F8*26B6FC 

F9FB*A99B 

F9FD«A864 

F9FF«286566 

FA82*A2E3 

FA84*A804 

FA0 6*200 D68 

FA89*2823FD 

FABC*A99B 

FABE*A864 



CALDAC8I 

LDX #4 ; STORE THIS AS LAST READ 



CALDAC8J 
LDA FACTMP 1 ,X 
STA FACTMP2 ,X 
DEX 

BPL CALDAC8J 
INC HRTCNT 
JSR INCPNT1 5 
BEQ CALDAC8K 
JMP CALDAC6 F 



;NEXT POINT 
;DONE 
jNEXT AV6 



CALDAC0K 
JSR RDYFAC 
DEC HRTCNT 

LDA HRTCNT ;NEED TO DECREMENT? 
STA FACLO 
JSR ACALC 

LDA ttLOU INT11829 j 11. 829 

LDY ttHIGH INT11829 

JSR FMULT 

LDX ttLOU FPV2 

LDY ttHIGH FFV2 

JSR MOUMF 

JSR BCALC 

LDA ttLOU INT11829 

LDY ttHIGH INT11829 



SUBSTITUTE SHEET 



-63- 



«unt«uille Macro Assembler 65C82 cross asseir.&'.er -for r^-POS 2 :. 8 yl.82:. 

Mccv . e : E 



FA1 0*20 45c.fr JSR FMULT 

FA13*A2DE LDX *LOW FPU 

FA!5*A&C4 LD'Y #HIGH FPU 

FA1 7*200066 JSR MOUMF 



FAiA**&&eFD JSP LINREG20 :CALC AT 20 MFH~'? 

FAi:>*A?A0 LDA *»LOW INT23&5S ;23fr.58 

FAIF*A?6- LPY HKIGm INT2S656 

Ffn2i*20c5c* JBP FMULT 

f e A24*A2ES i-DX *«LOu-.i FPFR28 

FA26*A0&4 LDY #HIGH FPFR28 

FA28*200D68 JSP MOYMF 

FA2B*206iFD JSP RCALC ;DI SPLAY R SOMEWHERE???? 

FA2E*A2"A LDX HLOW FPARG 

FA30*Aee3 LDY #KIGH FPARG 
FA 32* 20 JSR MOv'MF 

;JSR DUMPDATA 

FA35*60 RTS 

;END DAC 8 CALIBRATION 



FA36* 

FA36*E61E 

FA3B*D802 

FA3A*E61 F 

FA3C*A51E 

FA3E*C51C 

FA48*D804 

FA42«A31F 

FA44*C5lD 

FA46* 
FA46*68 



incpntis 

INC PNT15 

BNE **A 

INC PNT15+1 

LDA PNT15 ; DONE? 

CMP PNT14 

BNE INCPNT15A ;NO 

LDA PNT15+1 

CMP PNT14+1 

INCPNT15A 
RTS 

; START DAC 185 CALCULATI ON 



FA47* 

FA47*28C5FD 

FA4A*A9C3 

FA4C*851E 

FA4E*A985 

FA50«851F 

FA52»A9A0 

FA54*S51A 

FA56«A98E 

¥^58*8516 



CALDAC1 85 

JSR RESCALVAL 

LDA MLOLJ DACDAT ; SPEEDS 

STA PNT15 

LDA WHIGH DACDAT 

STA PNT15+1 

LDA *LOUI CRSDAT ; VOLTAGES 

STA PNT13 

LDA *HIGH CRSDAT 

STA PNT13+1 



FA5A* 

<FA5A»2833F4 

FA5D*A888 

FA5F*E1 1 E 

FA6t*85DA 

FA63*207565 

FA66*263B*7 

FA69*A27C 



DAC185F 
JSR RDYFAC 
LDY #8 

LDA (PNT15) ,Y 

STA FACLO 

JSR NORMAL 

JSR DIU10 

LDX #LOUI ARGTMP 



Hurtsville Macro Assembler croii assembler -for FC-DCS 2 • C' v;.62- F5.ce - 





UL 1 1 


MH 1 Pit-! ^CuTMC- 








FA^enr^p-^P^ 


JSR 




FA^ ^*Aft 5 & 


LD V 




FA « 1 A 


LDA 




FA^?*?^*- 


STA 




FA7v*£LS 

r " r .'■■WW 


I NY 




P^.*7A*»- P 1 1 £k 




f DMT 1 Z>\ Y 




w I r-f 


rhwLw 


Vf"1V E^A-t* * W* C' w' 


W 1 w" 


IML.*"! IriL 


rHD • *HTLM 


i ri^i 

L.L*H 




ETA t'S^O ^ ^ 
rHOi*Ht' O w 




44UT QUI T Kr^ C?/^ 




TCI? 


CM' It T 


r M C* C' * w <1 w w» 






FA8A*A&63 


LDY 


#HIGH FPACC 


FA8C*288D6B 


JSR 


MOs^MF 


rHor *M7 


L.UA 


f»l_UuJ PPl-lwC 


CAd 1 x,Aft ft O 


i rsv 


BHIbrl rmlL 




TOD 


rrlUL 1 J £. 


FA?6*A263 


LDX 


#LOU FACTMP |Y 


FA96*A063 


LDY 


#HIGH FACTMP 




JSR 


MOVMF 




JSR 


LINREG 


CAA £t .k. Q O iCA 


JSR 


INCPNT15 


IP ! W ^ C t» W 


BfJE 


DACie55 jNOT DDl-JE YET 


CAAc;*4rr 1 ca 


JMP 


DAC105K 


rMHo~ 


DACieSG 


FAAff»t P 


CLC 




rnH7 ^r—i jih 


LDA 


PNT13 


1 ^^r~i d ^ w ^ v ^ 


ADC 


#2 




STA 


PNT13 


FAAF*A51B 


LDA 


PNT13+1 


FAB1 «69B8 


ADC 


#@ 


FAR^*P^ 1 R 


STA 


PNT13+1 


rMDJ~tw£7 


INC 


MCAND+1 {NUMBER OF POINTS 


FAR7*PflPf3 


BED 


«+5 


FAB9#4C5AFA 


JMP 


DAC105F 


« no bo ^ w 


INC 


MCAND 


FABF*4C5AFA 


JMP 


DAC105F 


FACi* 


DAC185K 


FAC1 »2033F4 


JSR 


RDYFAC 




CLC 




FAC5*A529 


LDA 


MCAND+1 


FAC7*696I 


. ADC 


#1 


FAC9*85DA 


STA 


FACLO |NEED TO DECREMENT BY 1? 


FACB*A528 


LDA 


MCAND 


FACD*6?80 


ADC 


*e 


FACF*85D9 


STA 


FACMO 


FAD1*20B6FC 


JSR 


ACALC 


FAD4*2023FD 


JSR 


BCALC 


FAD7*20B0FD 


JSR 


LINRE620 ;CALC VALUE AT 26 MPH 



SUBSTITUTE SHEET 
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Huntsvine Macro Assembler 6 5 CP 2 cross assembler -for PC -DCS 



2 . e : 

Koci.- 1 e 



FAD»-*A2El' 

FADE*2(? i-Z'i-S 
FAEl*2C«*lFD 
^FAE4*A2«2 

* FAE<£.*AC*e>4 
F*E8*2ee:>eS 
FAEE*2C«C5FD 

* FAEE*A*C ? 
FAF8*351E 
FAF2*A«C'5 
FAF4*S51F 

FAF6* 

FA'-s*e42S 

FAF£*642? 

FAFA*A0ee 

FAFC , *A204 

FAFE* 
FAFE«1 8 
FAFF*B1 IE 

FB03*8529 
FB85*A960 
FB8 7*6528 

FB&^esi-e 
FBe:E*CA 

FB0'E*-26S6FA 

FBT1*D8EB 

FB13*4C?1FB 

FBI 6* 

FB16*2833F4 

FB19*A529 

FBI B»85DA 

FB1D*A528 

FBI F«e5D9 

FB21«2e7565 

FB24*A266 

FB26*AB83 

FB28*280D68 

FB2B»AD4903 

*FB2E«D883 
FB36*4C7BFB 
FB33*A9£D 

S FB35*AB03 
FB37*28ED64 
FB3A*A9A5 
FB3C«A864 
FB3E«266566 
FB41*A263 
FB43»A903 
FB45*280D68 



LDW «1-0U! FPE26 
LDY KHI GH FPE20 
JSR MOUMF 

JSR RCALC {DISPLAY SOMEWHERE?" 

LDX KLDUl FPUIND 

LD>' ♦♦HI GH FPUIND 

JSR MWMF 

JSR RESI-ALC'AL 

LDA *LOU' DaCDAT 

ST A PNT15 

LDA #HIGK DACDAT 

STA PNT15+1 

DAC185L 
STZ MCAND 
STZ MCAND+1 
LDY #0 
LDX #4 

DAC185M 
CLC 



LDA 

ADC 

STA 

LDA 

ADC 

STA 

DEX 

BMI 

JSR 

BNE 

JMP 



(PNT15) ,Y 
MCAND+ 1 
MCAND+ 1 
#0 

MCAND 
MCAND 

DAC105N 
INCPNT15 
DAC105M 
DAC105R 



DAC185N 

JSR RDYFAC 

LDA MCAND+1 

STA FACLO 

LDA MCAND 

STA FACMO 

JSR NORMAL 

LDX #LOU FACTMP1 

LDY #HIGH FACTMP1 

JSR MOVMF 

LDA HRTCNT ;1ST READING? 
BNE *t5 

JMP DAC165P ;YES 

LDA #LOW FACTMP2 ;LAST READ 

LDY KHIGH FACTMP2 

JSR FSUB 

LDA #LOW INT033 -,.833333 I/<5* . 1 2*1 8«5> 
LDY *HI6H INT833 
JSR FMULT 

LDX ♦♦LOU FACTMP ;Y 
LDY #HI6H FACTMP 
JSR MOVMF 



SUBSTITUTE SHEET 



r ^ i / u 000/ v^yvD 



-66- 

Hur.tsv.lle Mc-cr o Assembler cross fr=*errit- , r er -for rC-C'OS 2.6 »j I . ^r.r : 



FB4S*A C :£ 


LDA 


MLOU FA7TMP1 








LDY 


#HIGH FACTM-1 






FB4O2C0F67 


JSR 


MOYFM 








LDA 


#LOU 'ACTMF2 






FB^I*ACC? 


LDY 


ttKIGH FACTMP2 






FB53*2C'04£5 


JSR 


FAD!.' 






FE5**2£45oS 


JSR 


KO,>A~ 






FB5**A*:9 


LDA 


#LOL! INT160 ; 2*5*10 


FE5B*A&64 


LDY 


• HIGH I NT! 08 






FB5D*2B I>Fc? 

1 war- * ^ ^ * W 


JSR 


MO'v-'FM 






FB68*28EAFD 


JSR 


FPDIv' 






FB63*A27C 


LDX 


#LOLJ APGTM? ;X 






FBe5*AC-03 


LDY 


*K!SH ARGTMP 






FBi-7*20fc-Dc-8 


JSP 


MCWMF 






FB6A*A'?&3 


LDA 


*»LOU : FACTMP 






FB£C*A883 


LDY 


#HI6H FACTMP 






FB6E*206566 


JSR 


FMULT 






FB71*A2<£3 


LDX 


*LOW FACTMP ;Y 






FB73*A083 


LDY 


ttHIGH FACTMP 






FB75«2B0D6B 


JSR 


MOVMF 






FB78*2B36FC 


JSR 


LINREG 






FB76* 


DAC185P 






FB7B*A264 


LDX 


#4 






FB7D* 


DAC185Q ;THI£ READ 


TO 


LAST R 


FB7D*BD68(? 3 


LDA 


FACTMP1 ,X 






FBS0*9Dd-D03 


STA 


FACTMP2 ,X 






FB83*CA 


DEX 








FB84*ieF7 


BPL 


DAC105Q 






FB86*EE4983 


INC 


HRTCNT ; NUMBER 


OF 


POINTS 


FBe9*20 3 6 FA 


JSR 


INCPNT15 ;NEXT 


POINT 


FBBC*Fe83 


BEG 


DAC185R ;DDNE 






FB8E*4CF6FA 


JMP 


DAC1B5L jNEXT AUG 




FB91* 


DACI85R 






FB91»2833F4 


JSR 


RDYFAC 






FB94*CE4983 


DEC 


HRTCNT 






FB97*AD4983 


LDA 


HRTCNT 






FB9A*85DA 


STA 


FACLO 






FB9C*28B6FC 


JSR 


ACALC 






FB9F*2823FD 


JSR 


BCALC 






FBA2*26B6FD 


JSR 


LINREB20 






FBA5*A99B 


LDA 


#LOU INT11829 






FBA7«A864 


LDY 


#HIGH INTU829 






FBA9*2B6566 


JSR 


FMULT 






FBAC*28456B 


JSR 


MOVAF 






FBAF*A9E8 


LDA 


#LOW FPFR28 






FBBi*A884 


LDY 


#HIGH FPFR28 






FBB3*28DF67 


JSR 


MOVFM 






FBB6*28F064 


JSR 


FSUBT 






FBB9*A9ED 


LDA 


*LOU FPE20 






FBEB*A884 


LDY 


*HIGH FPE28 






FBBD*28C966 


JSR 


CONUPK 







READING 



SUBSTITUTE SHEET 



-6'7- 



Htwvts- 



1 e Mecro Asse-ffiDl er 



d5C@2 cross as&emb! *r -for 



r v 



_r.rc c 

to - - ^4 



FB23*20456S* 
FBC6****-. 

FBCA*2e-:>F6? 

? FBCD*2eEAF:> 
"FBD&*A2F2 
FBI'2*A-eC<4 
FBDL4*2:fier-e€ 
^FB-r.i7*-2eilFD 

FBPA* 

FBI>A*206BA3 
FK>D*2eABA3 
FEE0*A?20 
FEE2*S:5e-l 
FEE4*64&e 
FB£6*A9L.E 
FBEB*A&04 
FBEA*286DFE 
FBED*A921 
FBEF*B50 I 
FBF1 *A'9E3 
FBF3*A'004 
FBF5.»2B6DFE 
FSF8*A922 
FBFA*-8.30 1 
FBFC*A9F2 
FBFE'*A8&4 
FC08*Z06DFE 
FC63*A?23 
FC05«8561 
FC07»A9CA 
FC09*A003 
FC0B«286DFE 
FD0E*A924 
FC1 0*8501 
FC3 2»A9A2 
FC14»A004 
FC16«206DFE 
FC1.9*A925 
FC11B.*650 1 
FC1<0»A9D9 
FCXF#A004 
FC21#206DFE 
*FC24*2868BE 

FC27«A9FC 
2FC29*A042 
FC2B*20E7DA 

FC2E* 

FC2E*207CA5 
FC31«C91 1 
frC33*D0F9 



JSR FPDIU 
JSR MO'JAF 

LC>A #LOW IKT6029 fZ.6Z29 

LDY tti-'IGH INT4029 

JSR MO'v'FM 

JSR FPDIV 

LDX *»LOL FPM 

LDV *»HIGH FPM 

JSF: MOVMF 

JSR RCALC ; DISPLAY SOMEWHERE??? 



DACieSRA 
JSR CLRDSP 
DSPONS 
**2& 
ADDR+1 
ADDP 
#LOW FPU 
#HIGH FPU 
FLTPRT 
«*21 
ADDR+1 
HLOW FPU2 
#HIGH FPV2 
FLTPRT 
#*22 
ADDR+ 1 
SLOW FPM 
#HIGH FPM 
FLTPRT 
#$23 
ADDR+1 
#LOU FPARG 
#HIGH FPARG 
FLTPRT • 
#$24 
STA ADDR+1 
LDA #LOU FPU I ND 
tfHIGH FPUIND 
FLTPRT 
#*25 
ADDR+1 
#LOU FPR 
#H1GH FPR 
FLTPRT 
BEEP 
;JSR DUMPDATA 
LDA #LOW M81 ;"MAIN MENU" 
LDY #HIGH M81 
JSR INVMSGC1 



JSR 
LDA 
STA 
STZ 
LDA 
LDY 
JSR 
LDA 
STA 
LDA 
LDY 
JSR 
LDA 
STA 
LDA 
LDY 
JSR 
LDA 
STA 
LDA 
LDY 
JSR 
LDA 



LDY 
JSR 
LDA 
STA 
LDA 
LDY 
JSR 
JSR 



DAC105RB 
JSR KEY IN ; 
CMP #«11 
BNE DAC105RB 



FOR NOW 



YT \J 07/V10U/ 



6*6 



Hun.tso i 1 1 e Macro Assembler 55C82 cr oss assembler -for 



-DOS 2.& u i . Fs: 



FC35*-4C4e8I 



JMF MM 



;DAC 105 CALCULATION DONE 



FC3=* LIN? 

FC3S*A?7C LDA 

FC3A*ACPS LDv 

FC3C*20DF£7 JSR 

FC3FF*A?c.3 LDA 

FC4£*A803 LDV 

FC4?*20£56e- JSR 

FC46*A?0 1 LDA 

FC4S*A005 LDY 

FC4A*2004i5 JSR 

FC4D*A28 1 LDX 

FC4F*A805 LDY 

FC51*288D68 JSR 



EG ; RUNNING LINEAR REGRESSION 
ALOW ARS7MF ;X 
♦♦HIGH ARGTMF 
MOVFM 

♦♦LOk' FACTMP ;Y 
♦♦HIGH FACTMP 
FMULT 

♦♦LOW FPSUMXY 
♦♦HIGH FPSUMXY 
FADD 

♦♦LOW FPSUMXY 
♦♦HIGH FPSUMXY 
MOVMF 



FC54*A97C LDA 

FC56*A003 LDY 

FC5S*20DF67 JSR 

FC5B«A9F7 LDA 

FC5D*A004 LDY 

FC5F*2804£5 JSR 

FC62*A2 e 7 • LDX 

FC64*A804 LDY 

FC66*200D6B JSR 



♦♦LOW ARGTTiP ;X 
♦♦HIGH ARGTMP 
MOVFM 

♦♦LOW FPSUMX 
♦♦HIGH FPSUMX 
FADD 

♦♦LOW FPSUMX 
#HIGH FPSUMX 
MOVMF 



FC69*A97C LDA 

FC6B«A803 LDY 

FC6D*28DF67 JSR 

FC70*A97C LDA 

FC72*A003 LDY 

FC74*286566 JSR 

FC77*A966 LDA 

FC79*A805 LDY 

FC7B*288465 JSR 

FC7E*A286 LDX 

FC80«A885 LDY 

FCB2*208D68 JSR 



BLOW ARGTMP ;X 
♦♦HIGH ARGTMP 
MOVFM 

♦♦LOU ARGTMP 
♦♦HIGH ARGTMP 
FMULT jX"2 
#LOW FPSUMXX 
♦♦HIGH FPSUMXX 
FADD 

#LOW FPSUMXX 
♦♦HIGH FPSUMXX 
MOVMF 



FCB5*A963 

FC87«A803 

FC89*20DF67 

FC8C«A9FC 

FC8E*A804 

FC9e*288465 

FC93*A2FC 

FC95*A084 

FC97*20 0D68 



LDA #LOU FACTMP ;Y 

LDY #HIGH FACTMP 

JSR MOVFM 

LDA MLOU FPSUMY 

LDY #HIGH FPSUMY 

JSR FADD 

LDX #LOW FPSUMY 

LDY #HI6H FPSUMY 

JSR MOVMF 



FC9A«A9«S3 



LDA #LOU FACTMP ;Y 
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Hur.Uville K»cro Asseir,b!er 65~t'2 cross fi.5Sfrrr.tUr -for 



r w-DCc 2.6 . E' 

Mo;. •- * : 







*h:sk factmp 


FC9E*2CO c 67 


JSR 


MOVFM 


FCA1*A?63 


LDA 


#LOU* FACTMF 


FCA3«A663 


LDY 


♦♦HIGH FACTMF 


FCA5*2(?65££. 


tec 




sFCA£*A*e«B 


LDA 


HLOW FPSUMYY 


fcaa*a&c . 


LDY 


♦♦HIGH FPSUMYY 


FCAC*2e&4*5 


JSR 


FADD 


FCA r *A2C'E 


LDX 


MLOUI FPSUMYY 




LDY 


♦♦HIGH FPSUMYY 


FCB3*4C0D68 


JMF 


MOVMF 


FC66* 


ACALC ; CALCULATE "A" (Y 


FCB&*2C-7565 


JSR 


NORMAL | NORMAL I 2E "N 


FCE C "*A2*3 


LDX 


♦♦LOW FACTMr 


FCBB*ABeS 


LDY 


♦♦HIGH FACTMF 


FCBD*2B0D68 


JSR 


MOUMF 


FCCfc*A9F7 


LDA 


#LOu! FPSUMX 


FCC2*A804 


LDY 


♦♦HIGH FPSUMX 


FCC4*2eDP67 


JSR 


MOVFM 


FCC7#A9FC 


LDA 


♦♦LOU) FPSUMY 


FCC?*A604 


• LDY 


♦♦HIGH FPSUMY 


FCCB*20*566 


JSR 


FMULT 


FCCE*2e4568 


JSR 


MOUAF 


FCDt»A?63 


LDA 


#LOU FACTMP ?N 


FCD3*A0e3 


LDY 


♦♦HIGH FACTMP 


FC;C5*20DF£7 


JSR 


MOVFM 


FCDS*2GEAFD 


JSR 


FPDIV 


FCDB*A96 1 


LDA 


♦♦LOW FPSUMXY 


FCDD*A005 


LDY 


MHIGH FPSUMXY 


FCDF*28ED64 


JSR 


FSUB 


FCE2*A272 


LDX 


♦♦LOW FACTMP 2- ; STORE 


FCE4«A6G3 


LDY 


♦♦HIGH FACTMP3 


FCE6*2eeD6B 


JSR 


MOVMF 


FCE?*A?F7 


LDA 


♦♦LOU FPSUMX 


FCEB»A6B4 


LDY 


♦♦HIGH FPSUMX 


FCED*26DF<£7 


JSR 


MOVFM 


FCFe*A?F7 


LDA 


♦♦LOW FPSUMX 


FCF2«A064 


LDY 


♦♦HIGH FPSUMX 


FEF4*28<£566 


JSR 


FMULT 


FCF7*29456B 


JSR 


MOVAF 


FCFA«A963 


LDA 


♦♦LOU FACTMP ;N 


FCFC*A9&3 


LDY 


♦♦HIGH FACTMP 


FCFE*26DF67 


JSR 


MOUFM 


*FD01 *2BEAFD 


JSR 


FPDIV 


FD84«A966 


LDA 


#LOW FPSUMXX 


FD06*A065 


LDY 


♦♦HIGH FPSUMXX 


~FD08*20ED64 


JSR 


FSUB 


FD86*A277 


LDX 


♦♦LOW FACTMP4 ; STORE 


FD0D*A003 


LDY 


♦♦HIGH FACTMP4 


FD8F*200D68 


JSR 


MOVMF 


FD12*A972 


LDA 


#LOU FACTMP 3 


FD14*A003 


LDY 


♦♦HIGH FACTMP 3 


FD16*20C966 


JSR 


CONUPK 
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Module : Elr.:^' 

FD10A2CF LDx #L0W FPA ; STORE 

FD1E*AB6A LDY *H!Gh FPA 

FD26*4C6D©& JMF MOVMF 





bcalc ; calculate -B" 










( rrv 


iut/;u ppc: »./v 


FD 27* 2 6 C 9" 6 6 


TC C 

u sr. 




PL Jh*h^ o c 






en ^ p. a & & o 




M U T ft U C^i C TNI C* 


PU^c*^t' L f r C- / 


TCC* 


MA! ICK* 


n*\ t* 1 *.*5Q cArn 


TC& 


rrL-'I V 


cr\ c» <4 *a i r*- 






f . O » ft A 


i nv 




ri'c«?*^t y.- l/ o c* 








Ltrl 








41 WT RM PPQLfMY 


"UJr L, TO © 




fflMI IPk' 
w uiNur in 




LDA 


#L0W FACTMP ;N 


FD44*A883 


LDY 


*HIGH FACTMP 


FD46*26DF<£7 


JSR 


MOVFM 


FD4?*26EAFD 


JSR 


FPDIV 


FD4C*A?CF 


LDA 


ttLOU' FPA 


FD4E*A884 


LDY 


#HIGH FPA 


FD58«286566 


JSR 


FMULT 


FD53*A96D 


LDA 


ttLOU FACTMP2 


FD55*AP83 


LDY 


#MIGH FACTMP2 


FD57*28ED44 


JSR 


FSUB 


FD5A*A2D4 


LDX 


#L0W FPB ; STORE 


FD5C*A884 


LDY 


#HIGH FPB 


FD5E*4C8D<SS 


JMP 


MQVMF 



FD61« 

FD41«A972 

FD63»A883 

FD65*2BDF67 

FD66*A?72 

FD6A*A883 

FD6C«266566 

FD6F*A268 

FD71*A883 

FD73*288D68 

FD76*A?FC 

FD78«A884 

FD7A»28DF67 

FD7D*A?FC 

FD7F«A884 

FDB1*286566 

FD84*284568 

FD87«A9d3 

FD8?*A883 

FD8B*26DF67 

FD8E*28EAFD 

FD?1«A?8B 



RCALC J CALCULATE C0RRELATI0T4 COEFFICIENT 

LDA #L0W FACTMP 3 

LDY #HIGH FACTMP3 

JSR MOVFM 

LDA #LCW FACTMP3 

LDY #HIGH FACTMP3 

JSR FMULT 

LDX #L0W FACTMP 1 ; STORE 

LDY #HI6H FACTMP 1 

JSR MOVMF 

LDA #L0U FPSUMY 

LDY #HI6H FPSUMY 

JSR MOUFM 

LDA #L0W FPSUMY 

LDY ttHIGH FPSUMY 

JSR FMULT 

JSR MOVAF 

LDA MLOW FACTMP ;N 

LDY WHIGH FACTMP 

JSR MOUFM 

JSR FPDIV 

LDA #L0U FPSUMYY 
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Mc ;_- * e : E ! 



FDP5*20EDe.4 

FD?e*A?77 
FD9A*A9(?2 
fT>9C* 20*56© 
FD?F*A*4-S 
FDA J *A6fc3 
FDA2*20C9e6 
J ^FDA«f.* ; 2eEAFD 
FDA9*A2D9 

FDAB*A804 
FDAD*4C0D6B 



LDY *HIGH FPSUMYY 
JSR FSUB 

LDA *LOU! FACTMP4 

LDY #HIGH FACTMP4 

JSR FMULT 

LDA ftLOU FACTMP1 

LDY **KIGH FACTMP1 

JSR CONUFK 

JSR FPDIV 

LDX #LOU FPR ; STORE 
LDY #H1GH FPR 
JMP MOVMF 



FDB0* 

FDB8*A9AF 

FDE2*A0e>4 

FDB4«28DF67 

FDB7*A9CF 

FDB9*A084 

FDBB*20<S566 

FD6E*A9D4 

FDce*Aee4 

FDC2»4C0465 



LINREG20 j CALCULATE Y AT 26 MPH 

LDA *LOU! INT28 

LDY KHIGH INT2G 

JSR MOVFM 

LDA *»LOW FPA 

LDY #HIGH FPA 

JSR FMULT 

LDA #LOW FPB 

LDY *H1GH FPB 

JMP FADD 



FDC5* 

FDC5*642S 

FDC7*6429 

FDC9*9CF704 

FDCC*9CFC84 

FDCF*9C8185 

FDD2*9C8605 

FDD5«9CBB05 

FDD8*9C4903 

FDDB*60 



RESCALUAL ? RESET CALIBRATION VALUES 

ST 2 MCAND 

ST2 MCAND + 1 

ST 2 FPSUMX 

ST 2 FPSUMY 

ST 2 FPSUMXY 

ST2 FPSUMXX 

ST 2 FPSUMYY 

ST2 HRTCNT 

RTS 



Appendix 
B 
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AC-2* 

AC4©*?C.448 2 
AC4<?*a: ^e^- 
AC^C^-D?^ 
AC4E*A?S-C- 
AC5e:*S34483 

AC'S?* 

AC 53*28 72SD 
ACEt*»C0Ae2 

ACf =*=•■: tf=e; 

AC5C*20C-I":4 

AC3r*2e«3H5 

AC©2*2e*BC3 

ACc5*2C4403 

AC68*30&3 

AC6A*2B89EA 

AC6D*-200BC7 

AC70:«64SE 

AC7Z*2eSSD6 

AC75*-2B2EB3 



; COPYRIGHT l?Bi- FRONTLINE TECHNOLOGY INC, 

RIDCOP ;RIDE COURSE 

JSR BEEF 

STZ TIMTRLFLG 

LDA RIDLB'EL 

B f »E RIDCORS 

LDA «*£C* 

ETA TIMTRLFLG ; 1 6N0RE PACK POSITION 

RI DC-0R2 
JSR LOINITDAC 
STZ START F LB 
STZ EXPFLS 
JSR MEN'S.:! 

JSR DS»CR5 ; DISPLAY COURSE 
JSR PRTLEVEL 

BIT TIMTRLFLG ;TIME TRIAL? 

BM1 *+5 ;YES, FORGET PACK POSITION 

JSR MENU27 

JSR MENU2SQFT 

STZ DIST 

JSR RESVAL 

JSR RZDCURS 



AC7E* 


RIDC0R4 


AC7EE»645F 


STZ 


KEY 


AC7a*-2-0D3C2 


JSR 


KEYIN1 


AC7E*F@FE : 


BEG 


*-s 


AC7F*-C9l 1 


CMP 


#$11 ; START 


AC8l»D003 


BME 


*+5 


AC83«4CA4AC 


JMP 


RIDC0R5 


AC86*C912 


CMP 


#»12 J EXPAND SCREEN 


Acee*Dee.3 


BNE 


#+5 


AC8A*4C05B0 


JMP 


RIDC0R6 


AC8D*C913 


CMP 


#*13 ; RESET VALUES 


ACBF«D9e? 


BNE 


RIDC0R4A 


AC91*2068BE 


JSR 


BEEP 


AC?4»288eD6 


JSR 


RESVAL 


AC97*4C53AC 


JMP 


RIDC0R3 


AC9A* 


RIDC0R4A 


AC9A*C914 


CMP 


#*14 ; PREVIOUS MENU 


AC9C*D8DA 


BNE 


RIDC0R4 ; INVALID KEY 


«C9E*209<SC0 


JSR 


CHRLD - 


ACA1*4CEF86 


JMP 


RUN 


ACA4* 


RIDC0R5 s START 


ACA4*286BBE 


JSR 


BEEP 


ACA7*AD8A82 


LDA 


STAPTFLG 


ACAA*F863 


BEQ 


*+5 j NEW ENTRY 


ACAC*4CE8AC 


JMP 


RIDC0R5BA 


ACAF*2883C4 


JSR 


MENU1 ; REWRITE 


ACB2*A5BE 


LDA 


DIST 


ACB4*46 


PHA 
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J Sr. DS-CRS 




FLA 




STh Dl 5~ 




JSR F.K'CJKc 


ACEE*2C *=••: r 


Jc«r r r » _ t *• ti_ 




BIT TI MTR_~Lb :TIME TRIAL? 




Ef',l »+5 :YE£ 


ACC6*2c~PEA 


JSR ME*-:L2c : ?*-.:>' FOSITI ON WITH! 


ACC**2c04:? 


JSR MEN'-! ASO~~ 




LC* jMAkE AVG IN CENTER 


ACCE^SZwct-S 


ST* A'.'SHFT 


AC C* 1 ^ 


RIDC0R5A1 


ACD1*75 


SEI 




■JSR RESvAL 


ACr5*2C£3EE 


JSR UPDATE 


AC08*o4BE 


wu L> I & T 


ACDA*26 2EE3 


JSR RIDCURS 


ACDD*A?FF 


LDA #4FF 




ST A STARTFLG 


ACE2*©473 


STZ DGCNT1 


ACErt*649E 


STZ DI ST LA ST 


ACEtt*S0 1 3 


BRA RIDCORSBB 

- 


ACE8* 


RI DC0R5BA 


ACHB*A9"FF 


1 r»A ma cc iTHMPATC Mm. 1 CM IKIM T MCI 

Ll>h li*rr jlNJltHlt: inuw RUi>' r "i*iNU 


ADEA*S!--eAC2 


ST A STARTFLG' 


AC'ED>2004C5 


JSR MENU IAS I ,= T 


ACFff*-2C44e3 


BIT TIMTRLFLG 




BMI *+8 


ACF5*20BEEA 


JSR MENU2BCLR 


AfCF8*207FEA 


JSR MENU2B 


ACFB* 


RIDCORSBB 


ACFB*2B9FA8 


JSR XRQENABLE ; ENABLE Tl , CB1 , 


ACFE*A909 


LDA *»9 


A£>ee«8D4?e3 


STA HRTCNT 


ADB3*?CeBe2 


STZ EXPFLG ;CLR EXPAND FLG 


AD66* 


RI DC0R5AA 


AD66*A673 


LDX DGCNT1 


AB88«BD9B02 


LDA 6RDHEX , X ;GET GRADE 


AD6.B*eD42e3 


STA GRADE 


AD6£#20 1 9BA 


JSR HEXASCSHRT 


A01 1 *A569 


LDA ASCI *6 


*AD13*8D8603 


STA GRDASC+1 


AD1 6*A56A 


LDA ASCI +7 


AD18*8D0703 


STA GRDASC+2 


iADlB*A673 


LDX DGCNTl 


AD1 D*BDD702 


LDA SIGNCX.X 


AD2e*8Dese3 


STA GRDASC . 


AD23*8&2002 


STA SIGNN 


AD26*C920 


CMP **2e 


AD28*Feee 


BEG RIDC0R5A2 


AS2A*A980 


LDA **80 ;MAKE GRADE NEGATIVE 



SUBSTITUTE SHEET 



AD32* 


RIDC0R5A2 


AD32*2e?A8? 


JSR GRADECALC 




LDA «I C-e ;5 SEC DELAV 


AD;?*S5^£. 


S7A TIMERS 


A:-3**9C6BC'5 


STZ RAND I STSAVE :C RANZ'OM DI STANCE 


ACVBC* 


RI DC0R5AE 


AD3"C*645F 


ST2 KEY 


AD3E*4C9BAF 


wTKP RIDC0R5F ; GET PACK SPEED 


AD41* 


P.IDC0F-5A 


a: 4 :*£.:'£:. »?; 


STA FACTMF2 


AD44>2e:-SC2 


JSR KEY INI 


AD47*F63D 


BEG RIDC0R5E 


AC>49*C9l 1 


CMP #S11 


AD4B*D88S 


BNE «+5 


AD4D*4C7DB1 


JMP RIDCORB :STOP 


AD5B«-2C6B82 


BIT EXPFLS ; EXPAND? 


AD53*3e 1 C 


BMI RIDC0R5CC ;YES 


AD55*C912 


CMP #*12 ; EXPAND 


AD57*D88,5 


BNE *+5 


AD59*4CB6B8 


JMP RIDC0R6B 


AD5C*C913 


CMP #*13 ; PREVIOUS MENU 


AD5E*D883 


BNE *+5 


AD68*4CAABi 


JMP RIDC0R9 ;BACK TD PREVIOUS MENU 


AD63»C9l4 


CMP #*14 


ADd5*D8D5 


BNE RIDC0R5AB ; INVALID KEY 


AD47«2868BE 


JSR BEEP 


AD6A*A284 


LDX #4 ;R0W 4 


AD6C*2BBBP2 


JSR HRBEEPTOGGLEL 


AD6F*80CB 


BRA RIDC0R5AB 


AD71* 


RIDC0R5CC ; EXPAND MODE 


Au71-*C91 2 


CMP #*12 ; PREVIOUS (NORMAL SCREEN) MENU 


AD73*DB83 


BNE *+5 


AD75*4CE9B1 


JMP RIDC0R12 


AD76*C913 


CMP #*13 


AD7A*D8CB 


BNE RIDC0R5AB 


AD702868BE 


JSR BEEP 




LDX - »3 ; ROW 3 


AD81 #268692 


JSR HRBEEPTOGGLEL 


AD.84*88B6 


BRA RIDC0R5AB 


AD86* 


RIDC0R5B 


AD"86«2662B7 


JSR RPMCALC 


AD89*28DIB7 


JSR CADCALC 


AC8C*284CB8 


JSR HEART CALC 


ADL8F*2B2B8D 


JSR ADAV6 


AEL92*A5A4 


LDA TIMER 3 



SUBSTITUTE SHEET 
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AD*4*F£-1£ 


BED 


RJDC0R5C 


AE>9c*--5^3 


LDA 


TIMER2 




BNE 


* + 5 


AD«?A*-4C22aE 


JMF" 


RIDC0R5D 




LDA 


TIMER 6 




BNE 


»+5 


> ADA1*-4C:P2AP 


JMP 


r::-:cp5h 


A0A*«2C-4fr 3 


BIT 


TIMTRL-L6 


ADi-r7*-3P'- = 


Br: I 


R1DC0P5A ;YES, SKIP PACK PDS 


AE A c *-rl C '.m? 


LDA 


TIMER* 


ADABOe94 


b:,e 


RIDC0R5A 


ADAD*4CPBAF 


JMP 


RIDC0R5F 


ADE0 * 


RIDC0R5C 




LDA 


#'3 


AC'E2*85A4 


STa 


TIMERS 


ADE4#20E1B6 


JSR 


DISTCALC 


ADB7*3E 


SEC 




ADB8*A5SE 


LDA 


DIST 


ADBA*E59E 


SBC 


DISTLAST ;BET DISTANCE SO FAR IN THIS j 


ADBC*A673 


LDX 


DGCNT1 


ADBE*DDB902 


CMP 


DSTHEX,X 


ADCt»D059 


• BNE 


RIDC0R5C2 ;0K, NOT THERE YET 


ADC3»Ee'7S 


INC 


DBCNT1 


ADC5*9CDF03 


ST2 


D6CNTFLG 


ADC8*A*73 


LDX 


D6CNT1 


ADCA*E472 


CP* 


DGCNT 


ADCOoees 


BNE 


♦+5 ;0K, NC-T COMPLETELY DONE 


ADCE*4C0F£2 ■ 


JMP 


RIDC0R14 ; " FOR -NO.J , STOP 


ADDI*BD?Be2 


LDA 


GRDHEX.X 


ADD4»8D4203 


STA 


GRADE 


ADD7*20 1 9BA 


JSR 


HEXASCSHRT 


ADDA*A569 


LDA 


ASCI +6 


ADDC*8D0683 


STA 


GRDASC+1 


ADDF»A56A 


LDA 


ASCI+7 


ADE1 »8DB703 


STA 


GRDASC+2 


ADE4*A673 


LDX 


DGCNT1 


ADE6*BDD782 


LDA 


SIGNCX.X 


ADE9»8D0563 


STA 


GRDASC 


ADEC»BD2802 


STA 


SI6NN 


ADEF*C920 


CMP 


#$20 


ADF1#F019 


BEG 


RIDCOR5C0 


. ADF3»AD4203 


LDA 


GRADE ;MAKE NEGATIVE 


ADF6*0980 


ORA 


#$80 


*ADF8«8D4203 


STA 


GRADE 


ADFB*BD[>402 


LDA 


SIGNCX-1,X {WAS LAST SEGMENT POSITIVE? 


ADFE«C920 


CMP 


#$20 


-AE00»D00A 


BNE 


RIDCOR5C0 ;N0 


AE82*A964 


LDA 


#100 ;YES, LOAD 5 SEC DELAY 


AE04*85A6 


STA TIMERS 


AE0£*AD8682 


LDA 


RAND I ST 


AE09*8D£B05 


STA 


RAND I ST SAVE 


AE0C* 


RIDC0R5C8 
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Huxrtsv > 1 1 e Mac re A=se-rT:t'I er 



■for PC -DO' 



AEEC*2C'?AS C - 

AE'2* 

AS12*i£ 

AElc^AtrS 

AE15*-E:-BS02 

AE3-&>tf c c 

A£Tli^£5?E 



Moa- : * : 



?2_ 



JS?: GRADECALC 
J5F- RANDISTCALC 

RIDC0R5C1 
CLC 

LD> DGCNTl 

lda dsthek-! 
ad; di st last 

STA DISTLAsT 



• fc»r. r . 



PREVI O'Jr- DI STANCE 



AET.O 

AE1.O202EB3 
AE1F*4C41AD 



RIDC0R5C2 
JSR RIDCURS 
JMF RIDC0R5A 



AE22* 

AE22*A5a2 

AE24*85A3 

AE2d*2C«C3BE 

AE29*2C4483 

AE2C«1003 

AE2E*4C41AD 



PIDC0R5D 

LDA TIMER! 

STA TIMER2 

JSR UPDATE 

BIT TIMTRLFLG ;8? 

BPL *+5 

JMP RIDC-0R5A ;YES, SKIP 
RIDCORSDe 



PACK POSITION 



AE3t*r8 CLC 

AE32*A5A5 LDA 

AE34*F0C*8 BEG 

AE36*AD0202 LDA 

#E3P*626B95 ADC 

AE3O8006 BRA 



TIMERS ; DELAY STILL ON? 
R-IDC0R5D6A ;N0 
PHANTDIST+2 
RAND I ST SAVE 
RIDCOR5D0B 



AE3E* 

AE3E*AD0202 
AE41*6D0602 

AE44* 

AE44*8D0202 

AE4?«AD0102 

AE4A*«S900 

AE4C*SD0102 

A£4F*AD0002 

AE52«6900 

AE5'4«SD0B02 

AE57*9C0802 

AE5A*3S 

AE5B»78 

AE5C»AD5D03 

AE5F*ED0202 

AE62»8D8582 

AE65«AD5C83 

AE68*ED0102 

AE<SB*8D6402 

AE6E*AD5B83 

AE71*ED8002 

AE74*BD0382 



RIDCOR5D0A 

LDA PHANTDIST+2 

ADC RAND I ST 



RIDCOR5D0B 
STA PHANTDIST+2 
PHANTDIST+1 
#0 

PHANTDIST+1 
PHANTDIST 
#0 

PHANTDIST 

DISTDIR J MAKE POSITIVE TO START 



LDA 
ADC 
STA 
LDA 
ADC 
STA 
ST2 
SEC 
SEI 
LDA 
SBC 
STA 
LDA 
SBC 
STA 
LDA 
SBC 
STA 



RPMDIST+2 

PHANTDIST+2 

D1STDXFF+2 

RPMDIST+1 

PHANTDIST+1 

DISTDIFF+1 

RPMDIST 

PHANTDIST 

DISTDIFF 



SUBSTITUTE SHEET 



Hunt's- 1 ! 1 1 e Macro Assembler 65Cv2 cross assembler -for 



AE/S^BC" 1 *? 
AE~H!*4:eCAF 

AE7D* 

AEe.:*E*2f 
AES:->-.DC'4C2 
^EBt*E*C5 
AES'£*AD8382 
AESE>E?8C* 
AE 85* 99 03 
AE8**A*2C 

AE9-* 

AE*4*38 

AE95*A:>85C'2 

AE98*E978 

AE9A*AD8402 

AE9D>E908 

AE9F*AD83e2 

AEAZ*-E980 

AEA4*9B85 

AEA6*A92B 

AEAS*4CB7B2 

AEAB*- 

AEAB*-SE' 

AEAC*AD0 58 2 

AEAF*E964 

AEE1*AD8482 

AEB4»E908 

AEB6*AD0382 

AEB9«E966 

AEBB*9885 

AEBD»A927 

AEBF*4CBCB2 

AEC2* 
AEC2*38 
AEC3>AD8582 
AEE2*E?58 

AEro*ADe4e2 

i AEGB«E908 
AECD*AD8382 
AED8*E988 
AEE2*9605 
°AED4*A926 
AED6*4CBCB2 

AED19* 

AEDI9*38 

AEDA*AD6502 



CLI 

BC£ *+5 

JMP RIDC0R5D5 ;NEGaT1VE 

RIDC0R5D1 
SEC 

lda distdiff+2 

sbc #s2s :132c- feet 

::=t:iff+i 
sb: #5 

lda distd1ff 
sb: #c« 

BCC RI DC0R5D1 A 
LDA #45 

JMP FAC'KDISPO ;FULL WINDlOAD 

RI DC0R5D1 A 
SEC 

LDA DISTDIFF+2 
SBC #128 {120 FEET 
LDA DISTDIFF+1 
SBC #8 

LDA DISTDIFF 
SBC #0 

BCC RI DC0R5D2 
LDA #43 

JMP PACKD1SP8 ; FULL WINDLOAD 

RIDC0R5D2 
SEC 

LDA DISTDIFF+2 
SBC #188 ;180 FEET 
LDA DISTDIFF+1 
SBC #0 

LDA DISTDIFF 
SBC #0 

BCC RIDC0R5D2A 

LDA #39 

JMP PACKDISP 

RIDC0R5D2A 
SEC 

LDA DISTDIFF+2 
SBC #80 ;B8 FEET 
LDA DISTDIFF+1 
SBC #0 

LDA DISTDIFF 
SBC #8 

BCC RI DC0R5D3 

LDA #38 

JMP PACKDISP 

RIDC0R5D3 
SEC 

LDA DISTDIFF+2 



SUBSTITUTE SHEET 



FCT/US>88/02y05 



Huntsv I 1 ] €• Macro Assembler c5C Q2 ccii essen-.t-er 4o- PZ-I'i'c 2 . l ? = s. 



AEDD#E5SC 


SBC #6* ',ti- FEET 






i pw r,T CTPiT CC* 1 




AEE-r*E v 6£ 






AE£.4*-mDi? ctf ^ 






AEE/ *E v 0 E 


CP'* MP 




C* 


DL L- M L J U- U fri. w I 










yo. v — ^ p. _w P-c**"-— O 






a -f T ft- 

AEFe*" 






AEF6*3£' 






AEF1*ADC5C'2 


LDA DISTDIFF+2 




AEF4*E?2S 


SBC #46 ;4& FEET 




AE r e-*-r->DL'4Cx 






AEF?*E?££ 


SEC #C< 




AEFB*ADe-SC'5 


LDA DISTD1FF 




AEFE*E?ee 


SBC #0 






BCC RIDC0R5D4 




AF82*A>24 


LDA #36 




AF04*-4CBCB^ 


JMP PACKDISP 




af &7** 


RIDC0R5D4 




AF6/*Wr\£.3 


LDA #33 ;LESS THAN 46 FEET 


A A-f •lii JPP*B P* C» ^» 


JMP PACKDISP 




AF0.OP* 


RIDC0R5D5 




A ^ A* w- ^1 gt 

AF8.C*-Ste 


SEC 






LDA DISTDIFF+2 




AFl.e*E9DS 


SBC #$DB 1-326 FEET 


AF12*AD8462 


LDA DISTDIFF+1 




AF15*E9FA 


SBC #*FA 




AF1;7*AD830^ 


LDA DISTDIFF 




AF1A*EtFF 


SBC #«-FF 




AF1 C*BB85 


BCS RIDC0R5D5A 




AF1E«A?1 9 


LDA #25 ;>I32e FEET 


OFF 


AF26*4CE7B^ 


JMP PACKDISP© ;FULL 


UINDLOAD 


AF23* 


RIDC0R5D5A 




a p~ ^ p\ w ^ Pi 

AF23*38 


SEC 




AF24»AD0502 


LDA DISTDIFF+2 




AF27*E988 


SBC #*es ;-120 FEET 




act o *a rsft A ft 


LDA DISTDIFF+1 . 






SBC #*FF 




ACT'C *A Hi ft O ft 
H r Z t * R U *y i5 £~ 


LDA DISTDIFF 




Hr O a *tTr r 


SBC #*FF 




Hr OJ*D(ll7j 


BCS RIDC0R5D6 






LDA #27 ; M26 FEET OFF 


AF37*4CB7B2 


JMP PACKDISP6 ;FULL 


WIND LOAD 


AF3A* 


RIDC0R5D6 




AF3A*3S 


SEC 




AF3B*AD0562 


LDA DISTDIFF+2 




AF3E*E??C 


* SBC #*?C ;-iee FEET 




AF40*AD04e2 


LDA DISTDIFF+1 




AF43*E9FF 


SBC #*FF 





SUBSTITUTE SHEET 



Hurr* &l. ;lie K*:rc As sem^ er 65C82 cross assemD'.er 



AF45*AD8 3(?2 


LDh Pi 5 i DI r F 


AF4S*E9r F 


SEC wf FF 




ELS R 1 DwUKw'l;6n 


A S *4C*A C 1 F 


LDA mol 


AF4E*4CBCE2 


JMF PAwKL-'I br 


'A^Sri * 




AF5i *3.& 


SEC 


A^52*Al ; tf 5tf 2 


LDh DI ST DI FF*«i 




SBC wSBi ;-otf FeeT 


AF57#AD8462 


LDA DISTDIFF+l 


AF5A*E?FF 


SBC #*FF 


A^5C*AD8282 


LDA DISTDIFF 


AF5F*E9FF 


SEC #*FF 


AF£i*E885 


Bus RI DLUr 5D/ 


AF6?*A*2B 


LDA #32 


AF65*4CBCB2 


JMF PACKDISP 


AF6B* 


RI DC0R5D7 


AF6S*3S 


SEC 


AF69*AD8582 


LDA DISTDIFF+Z 


AF6C*E?C4 


SBC w»C4 ;~6E> reel 




LDA DISTDIFF+l 


AF71.«E9FF 


SBC #SFF 


A^73»AD0382 


LDA DISTDIFF 


AF76.*E9FF 


SBC #$FF 




BCS RIDCORSlvA 


AF7A*A-921 


LDA #33 


AF7C*4CBCB2 


JMr PACKDISF 


AF7FV 


RIDC0R5D7A 


AF7F*38 


SEC 


AF88*AD8582 


LDA DISTDIFF+2 


AF83*E9D6 


SBC #SDB ;-4c FeeT 


AF85*AD8482 


LDA DISTDIFF+1 


AFe8*E9FF 


SBC #*FF 


AF8A*AD6382 


LDA DISTDIFF . 


AF8D*E9FF 


SBC #*FF 


AF8F#B865 


BCS RIDC0R5DB 


AF91 *A922 


LDA *34 


AF9*3*4CBCB2 


JMP PACKDISP 


AF9fc* 


RI DC0R5D8 


AF?6*A92^ 


LDA #135 ;LES5 THAN reel DfcnJrw 


AF98*4CBCB2 


JMP PACKDISP 


AF'9B* 


RIDC0R5F ; CALCULATE PACK POSITION 


AF9B*A?17 


LDA #23 


cAF9D*85A5 


STA TIMER4 


AF9F*20A5AF 


JSR RANDI STCALC 


AFA2»4C41AD 


JMP RIDC0R5A 


ATA5* 


RANDI STCALC 


AFA5*AD5D63 


LDA RPMDIST+2 


AFAS*2P07 


AfJD 



rtKJ 07/wiow/ 



Hu: 



Macr o As s err.r . e r e-5 



-80- 

!C'2 cross &5s*rr.t-*sr -f 



PC-DCS 2.e *1 .11. =- 
Mc-c.'s: B>-:* 



AFAA*0A 

AFAE*-^A 

AFAC*BDE45E 

AFAF*S57C" 

AFB1 *BDB55S 

AFB4*8571 

AFEd*2C'3::--- 

AFB='*AD1 4 £'3: 

AFBC*?S ' 

AFED^E^l 

AFC1*0A 

AFC2*0A 

AFC2*B5S'5 

AFC5*AC 42 S3 

AFC6*297F 

AFCA*18 

AFCB*4585 

AFCD*AA 

AFCE*AD2002 

AFDI*C92D 

AFD3*F01S 



AS- 

TAX 

LDA 

STA 

LDA 

STA 

JSF. 

LDA 

SEC 

SBC 

ASL 

ASL 

ASL 

ASL 

STA 

LDA 

AND 

CLC 

ADC 

TAX 

LDA 

CMP 

BED 



A ; *2 

MULTADDF .X 
INDEX 4 

MULTADDP+I ,X 
INDEXA+1 
PDVFAC 
RIDLE'v'EL 

#1 j MAKE e-e 

A i*l6 <FOP 16 GRADES) 

A 

A 

A 

ASA-'cS 

GRADE 

#S7F 

ASAVE3 
SIGNN 

;NEGATI v'E? 
RIDC0R5G2 



AFD5*- 

AFD5*EDE25B 



RIDC0R5G 

LDA BASED1STP.X 



AFD8* 

AFD8*85DA 

AFDA*209965 

AFDD*A570 

AFDF»A471 

AFE1«208966 

AFE4*20F868 

AFE7*A5DA 

AFE9*8D6<602 

AFEC«60 



RIDC0R5G1 
STA FACLO 
JSR NORMAL 
LDA INDEX 4 
LDY INDEX4+1 
JSR FMULT 
JSR QINT 
LDA FACLO 
STA RAND I ST 
RTS 



AFED* 

AFED*BD725C 
AFF0*80E6 



RIDC0R5G2 ;NEGAT1VE SLOPt 
LDA BASED I STN.X 
BRA RIDC0R5G1 



AFF2* 

AFF2*A906 

AFF4*85A7 



RIDC0R5H 
LDA #6 
STA TIMERS 



AFF6«20078A 
AFF9*20BD89 
AFFC*206E89 
AFFF#20198A 



JSR SPEEDDIV18 
JSR UINDCALC 
JSR POUERCALC 
JSR DACCALC 



B002*4C41AD 



JMP RIDC0R5A 



SUBSTITUTE SHEET 



•81- 



Hunt=A' ; 11 e Macro A=5err,t'er e5C*2 cross i.zi~n,t-' er t'r.- ^"Z-Z'Z-l 



2.G- 



B6D5* 

B6 05*26 i-EPE 

E00r*2t- r= 12 
B00E*A*FF 

B0 1 £>*■=- &E62 

i 

Be:s*ADe^e2 
-Be : 5>4:5&Be 

BO 1 E*~B 

BC:C:*2eeSD6 

B01F*20C3BE 

BP 22*58 

B0 23*640E 

B025*A?2C 

BE 1 2~*S5l-i r 

B029*20A3A5 

B02C«64BE 

B02E*6499 

6630*58 

B031*2&2EB3 

B034*A9FF 

Be36*BD9Ae2 

Be 39*6473 

B63B*9CDF03 

BC3E«-64?E 

B646*AD9B(?2 

6043*824203 

B0 46*20 19BA 

B049*A569 

B04B*8D0603 

B04E*A56A 

Be5e*BDe7e3 

B053*4C5EB0 



F I :CORe : EaFA^ JD 

JSF. BEEP 

JSR MENJi 

J BR PRTLEVEL 

LDA **-FF 

BTA EVP-LG 



LDA 

BEG 

JMr 

SEI 

JSR 

JSR 

CL1 

STZ 

LDA 

STA 

JSP 

STZ 

STZ 

CLI 

JSR 

LDA 

STA 

STZ 

STZ 

STZ 

LDA 

STA 

JSR 

LDA 

STA 

LDA 

STA 

JMP 



STARTFLG 

*+5 ;NEU' ENTR't 

RIDCOR6A6 

RESUftL 
UPDATE 



PNT7 ; AR" 
#S2C ; 3C' 
PNT7* 1 
DSPCRS 
DIST 
DIST5 



RIDCURS 
#*FF 

STARTFLG 
DGCNT1 
DGCNTFLG . 
DISTLAST 

GRDHEX j BET 1ST GRADE 
GRADE 

HEXASCSHRT - - 

ASCI +6 
GRDASC+1 
ASCI +7 
GRDASC+2 
RIDC0R6A1 



ALLY LOAD PNT7 IN MILOLE OF SC S EE'- -C- E_- "J= 



B056* 

B056*20D8B6 
Be59*A9FF 
B6 5B*8D6A02 

Be5E* 

B05E*2T4403 
B0 61.* 30 06 
B063*20BEEA 
B6 66*20 09EA 



RIDCCR6A0 
JSR EXPCALC 
LDA #*FF 
STA STARTFLG 

RIDC0R6A1 

BIT TIMTRLFLG ;TIME TRIAL? 
BMI *+8 ;YES 
JSR MENU28CLR 
JSR MENU27 



B069* 

§069*208305 



B06C* 
B06€*645F 
BGu6E*20D3C2 
B6'7t*F0FB 



RI DC0R6AA 

JSR MENU1 HSOFT • 

;"STZ MMFLG ;FOR SCROLL 

RIDC0R6A 
STZ KEY 
JSR KEY INI 
BEG *-3 



SUBSTITUTE SHEET 



»» KJ 07/U10U/ 



-82- 

Hur.tsville M?.cr c- As semt-1 er e-5C62 crc8- c.= = &rr.t-1 e- ■fo r 



r i. 



B075*"D8£-3 
B07A*C9:2 
Be7£*4CE8Be 

Ees: *-c*:2 
b$ss*-d6(?3 

BB?S5*-4C32E1 



CMP ;S7AFT 

ENE *+5 

JMP FIDCOP.Il 

DiP »*13 | RESET VALUES 

JMP RICC0P6A7 

CMF ««12 ; PREVIOUS MENL' 

ENE *+5 ; A TE£T 

;BN!E RID20R6A ; INVALID KEY 

JMF RIDC-0R7 



2.0 . u l 



Bees*c?t4 

F0SA*D8E8 



CMP #tl4 
ENE RID COR 6 A 
I*TE5T 



BeS02tf££BE 

BeeF*2cc2e5 

6692*1685 

B694*9CC285 

B897*S817 

B099* 

B699*2663C4 
B&9C»2083C5 
B6?F*20B5A5 



B&A2* 

B0A2*206BC3 

B0A5«2C4463 
B6AB*3863 
B6AA*2869EA 
B6AD*4C6CB8 



JSP BEEF 

BIT MMFLC* j ANY COURSE LEFT? 

BPL RIDC0R6AZ :YES 

STZ MMFLG ? RESET TO 6 

BRA RIDC0R6AT ; RESET AND RTN 

RIDCOR6A2 
"JSR MENU1 
JSR MENU1 HSOFT 
JSR DSPCRS61 

;BCS RIDC0R6AX {NOT DONE YET 
;LDA #*FF •, FINISHED 
;STA MMFLG 

RIDC0R6AX ' 
JSR PRTLEVEL 
jJSR TEST 

BIT TIMTRLFLG ;TIME TRIAL? 
BMI *+5 | YES 
JSR MENU27 
JMP RIDC0R6A 



B0 B8« 


RXDC0R6AT ; RE SET VALUES 


B6B8*2B88D<S 


JSR RESVAL 


B0B3*4C05B0 


JMP RIDC0R6 


B0B6» 


RIDC0R6B ; EXPAND WHILE RUTTING 


B0B6*286BBE 


JSR BEEP 


B6B9*2003C4 


JSR MENU1 


B6BC*2828C5 


JSR MENU1BSOFT 


B0BF*206BC3 


JSR PRTLEVEL 


B0C2»A9FF 


LDA #«FF 


B0C4*8D0B02 


STA EXPFLG 


B0C7*26D6B8 


JSR. EXPCALC 


B6CA*2C4403 


BIT TIMTRLFLG ;TIME TRIAL? 


B0CD*3006 


BMI *+8 ;YES 


- B0CF*28BEEA 


JSR MENU2BCLR 



SUBSTITUTE SHEET 



-83- 



Hun ts i 1 1 e Mscro Assembler £50*2 cr 



o = = tf = srr;:-l er -for 



2.Z' < 



e : 



cr« r: i ^ o r. TCi. 


JSR 


MENL:28 




Dt' t w ~ ™ w w w*ri fa> 


JMF 


RIDC0R5AA 




tv v *** - 


EXPCALC 




ca HP* ^6 -.~4 


JSR 


RD X .'FAC 




5» t* fc» ET- w & 


LDA 


DIST 




B@DD*£5DA 


S ■ » 


FACLO 






JSR 


NORMAL 




E> t- ■ V ~ w W » 


JSR 


MUL1 e 






LDX 


*»LC^. : DIST. 


6 




LDY 


*HISH DIS 


76- 






MO'v'MF 






LDX 








BTZ 


DSTTOT 




fc t' ~ A. * 


EXPC 


^LCB 




BtFI*lB 


CLC 






Be c 2*BDE9£f2 


LDft 


DSTHEX,X 




DC! ~ J'Ol/ta* t- ^ 


ADC 


DSTTOT 




BBFR*8D22&2 


STA 


DSTTOT 




RfrFR*F4*79 


CPX 


DBCNT1 




Rff pn-^ftfi 3 


BEG 


EXPCALCC 






I NX 






Rl fift*T)&FF 


BNE 


EXPCALCB 


; ALWAYS 




EXPCALCC 






£TX 


BYTDIST 




Bit T^iC 


SEC 






tv i~ v W ^ *» v ^ 


LDA 


DSTTOT 






SBC 


DIST 




Bl 6A*85?3 


STA 


DIST3 




B16C*A204 


LDX 






CIO 


EXPCALCD 




Rl fiF*B599 


LDA 


DIST5.X 






STA 


DIST4,X 




Bit 2#CA 


DEX 






fit 1 2*16F9 


BPL 


EXPCALCD 




Rl f S*A58F 


LDA 


DIST 




BI 17*48 


PHA 






Bl 16*28B5A5 


JSR 


DSPCRS01 




Bl 1B*68 


PLA 






BIIC*85BE 


STA 


DIST 




J3I 1E*?C1502 


STZ 


LAPNR 




B1Z1*6488 


STZ 


NRBYT 




B123*640E 


STZ 


PNT? jARTIFICIAL 


B125*A?3e 


LDA 






5r B127*858F 


STA 


PNT7+1 




B129*A673 


LDX 


DGCNT1 




. B12B*BD6684 


LDA 


SEGADDR+.l 




BI2E*20B7B3 


JSR 


RIDCURSe 






RTS 







SUBSTiTUTE SHEET 



-84- 

Hunts-v'ille Macro Assemble: c-SCOI cress c s semi:-! er «f or PC-I'OS 2.6 u i . 

Km. : e i 



BI 32* 


RIDC0R7 jCOMFRESS DISPLAY 


BI 32*26 66BE 


JSR 


BEEP 




BI25*9CeBC2 


STZ 


EXPFwB jC 


LR EXPAND FLAG 


Bl 38*A58E 


LL'h 


DIST :SAUE DIST 


P 1 « £ C- 


PHA 






S!5E*2e0 3C4 


JSR 


Hit •» «• J 




Bl3E*20A3h5 


JSR 


DSRCRS 




Bi4I*2C-6S~3 


JSR 


PRTw =■'••'£_ 




BL44*2eeEC7 


J Sr. 


MEfs'JZSC^T 




B I 47* 6b 


PLA 






B14S*S5£E 


STA 


DIST 




BI 4A*2e5SE'l 


JSR 


NORMCALC 




BI4D*2C4463 


BIT 


TIMTRLFL8 


;TIME TRIAL? 




BMI 


*+5 ; YES 




BI 52*26 69EA 


JSR 


MENU27 




B155*4C78AC 


JHP 


RIDC0R4 ; 


FOR NOW 


B158* 


NORKCALC 




B15B*9C2202 


STZ 


DSTTOT 




B15B*6488 


STZ 


NRBYT 




B15D*A200 


LDX 


#8 




B15F* 


NORMCALCA 




ol Dr*c473 


CPX 


DGCNT1 




B161*F0CD 


BEQ 


NORMCALCB 




B163*18 


CLC 






B164*BDB982 


LDA 


DSTHEX.X 




B167*6D2202 


ADC 


DSTTOT 




Bl6A*8D2202 


STA 


DSTTOT 




Bl 6D*E8 


I NX 






B16E*D0EF 


BNE 


NORMCALCA 


; ALWAYS 


B170* 


NORMCALCB 




B170*A673 


LDX 


DGCNT1 




B172*F005 


BEQ 


NORMCALCC 


;8, SKIP REST 


B174*BDFF83 


LDA 


SEGADDR.X 




B177«8588 


STA 


NRBYT 




B179* 


NORMCALCC 




6179*26 F5B3 


JSR 


RI DCURS6 




B17C*69 


RTS 






B17D* 


RIDC0R8 ;STOP 




B17D*20B4C3 


JSR 


STOFVAL ;PUT SOME VALUES TO 6 


6168*EE0A82 


INC 


STARTFLB 


;PUT BACK TO »01 


Bl 63*20 68BE 


JSR 


BEEP 




B186*2C8B82 


BIT 


EXPFL6 




B189*106E 


BPL 


RIDC0R8A 




6186*204403 


6IT 


TIMTRLFLG 




B18E*3066 


BMI 


*+8 




8190*26BEEA 


JSR 


MENU2BCLR 




6193*2009EA 


JSR 


MENU27 




8196*4C69B0 


JMP 


RIDC0R6AA 





-85- 



Hu* t = ' 1 : e Me: r c A= = err> 1 er t . I C 2 crosi as serrifc ! e- -fo- 



Bl c '5> 


RIDC0R8A 


B! ??*2C44&2 


BIT TIMTRwFLG 




b:-'.: **8 


Bl 9E*26 f &EE^ 


JSR MENU2SCLR 


EIA1 *2£e c 'EA 


JSR MENU27 


^'Bl*~*2e*BC7 


JSR MENU2SQFT 


&1 A 7 * ~ " T r 


JMP RIDC0R4 




rid:or9 sback to previous mev_" 


# ElAr-^v52 


LDa #«53 ;T1 , CAl , Ca2, CB1 CF 


b:h:*&:-se~f 


ST A 47FSE 




JSR CHRLD 


Bl B2*4C C FB£ 

4? A W ^ ~ W > WW 


JMP RUN 


B1E5* 


RIDCORie 


BIB5*A»53 


LDA til- 1 ; CAl , CA2, CE: IRv' OFF 


Bl E7*8:. | eE" r r 


STA *.7F8E 


B1BA*20S3C5 


JSR MENUIHSOFT 


Bl BD*4C<f.CBC 


JMP RIDCOR^ 


B1C8* 


RIDC0R1 1 


BiC0*20?FA8 


JSR IRQENABLE 


BIC3*AD0A02 


LDA STARTFLG ; PREVIOUSLY RUNNING? 


BlC6»Fei9 


BEG RIDCORMA ;N0 


B1C8*A9FF 


LDA #*FF 


Bl CA*8D0A02 


STA STARTFLG ; INDICATE NOW RUNNING 


Bl CD*26 68BE 


JSR BEEP 


BlDe*2C2BC5 


JSR MENU1B30FT 


B1D3*2C44G3 


BIT TIMTRLFLG 


BiD6*3ee^. 


BMI »+8 


Bl D8*26BEEA 


JSR MENU28CLR 


B1DB*287FEA 


JSR HENU28 


B1DE*4C06AD 


JMP RIDC0R5AA 


B1E1* 


RIDCORMA 


B1E1*A?FF 


LDA #*FF 


B1E3*8D0A02 


STA STARTFLG 


B1E4*4CB6B0 


JMP RIDC0R6B 


B1E9* 


RIDC0R12 ;BACK TO NORMAL DISPLAY 


Bl E9*20dBBE 


JSR BEEP 


B1EC«9C0B02 


STZ EXPFLG ; CLEAR EXPAND FLAG 


B1EF«2003C4 


JSR MENU1 


B1F2*2004C5 


JSR MENU1 ASOFT 


B1F5»206BC3 


JSR PRTLEVEL 


»B1F8*A58E 


LDA DIST ;SAVE DIST 


B1FA*48 


PHA 


B1FB*20A3A5 


JSR DSPCRS 


0 B1FE*68 


PLA 


Bl FF*858E 


STA DIST 


B201*2058B1 


JSR NORMCALC 


B204*2C4403 


BIT TIMTRLFLG ;TIME TRIAL? 


B207*3803 


BMI-- *+5 ;YES 


B209»207FEA 


JSR MENU28 


B20C*4CFBAC 


JMP RIDCOR5BB 



SUBSTITUTE SHEET 



vy\j oy/uioo/ 



-86- 



Ha : r o Asserr.t 



; er 



C'SS 



• s s e-rr.fc 1 e r -f c-r PC -C-C = 



E : • : - 



B2C' r * RIDC0F.I4 :STOP AT END OF COURSE 

B20=>2&«>8£E JSR BEEF 

b2l2«2eb«c2 jsr stopval ;put some values to 

B2:5*2&csee j=p update 

bz16*2fc45c5 jsp menu! csoft ;erase so*tkeys 

B2l£«2C03C2 BIT EaPFlS :EV'PANl? 

B2:E*:ec'^ b°l rjd:ori4B ?nd 

5228*23 S3C5 JSR MENJIHSQFT 

6223*4 I 2?= 2 JMP F I DC £•= : 4C 

B22i* RIDC9R14B 

6226*26 6BC7 JSF MENU2S0FT 



B22?* 


r: :•>: 


:CF14C 


E22 C *2C44?3 


BIT 


TIMTRlFLG 


B22C*3086 


BMI 


*+B 


B22E*20BEEA 


JSR 


MENU28CLR ;CLR MENU28 


B231 *2e89EA 


J5R 


MENU27 


B234* 


RIDC0R14D 


B234*645F 


ST2 


KEY 


B23(S*2BD3C2 


JSP. 


KEYIN1 


B239*F8FB 


BEQ 


*-3 


B23F:*C9i 1 


CMP 


11 | START 


B23D*D003 


BNE 


»+5 


B23F*4CA£E2 


JMP 


RIDC0R15 


B242#2CBB82 


BIT 


EXPFLG ; EXPAND? 


B245«3B27 


BMI 


RIDC-0R14F :YE5 


B247*C912 • 


CMP 


#*12 : EXPAND SCREEN 


B249*D803 


BNE 


*+5 


B24B*4CB5B8 


JMP 


RIDC0R6 


B24E*C913 


CMP 


#SI3 | RESET VALUES 


B250*F007 


BEQ 


RIDC0R14E 


B252*C914 


CMP 


#*14 | PREVIOUS MENU 


B254*D9DE 


BNE 


RIDC0R14D 


B256*4CAAB1 


JMP 


RIDC0R9 


B259* 


RIDC0R14E j RESET VALUES 


B259«2868BE 


JSP. 


BEEP 


B25C*9C0A02 


STZ 


STARTFLG 


B25F*205BB5 


JSR 


BLKCURS 


B262*288SD6 


JSR 


RESVAL 


B265*20C3BE 


JSR 


UPDATE 


B268*202EB3 


JSR 


RIDCURS 


B26B*4C34B2 


JMP 


RI DC OR 140 


B26E* 


R2DCDR14F 


B26E»C913 


CMP 


#*13 ; RESET VALUES 


B270*D083 


BNE 


*+5 


B272*4C7FB2 


JMP 


RIDC0R14G 


B275*C912 


CMP 


#*12 ; PREVIOUS MENU 


B277*D6BB 


BNE 


RIDC0R14D ; INVALID KEY 


B279«2868BE 


JSR 


BEEP ' * 


B27C*4C53AC 


JMP 


RIDC0R3 



SUBSTITUTE SHEET 



-87- 



Huntik'ille Mscro Assemble- cross e.sserr.b'er -fc 



E27F* 

B2~F*2e;-8EE 
B2B2*2fc8SDc 
B2S5*9CCa&2 
B28S*2&e3C4 

#2eE*2e«^5 
B26E*2fc*BC3 
B291**4SE 
E2 C, 3*6499 

^E295*2*2E=3 
E29£*2t'£3C5 
B29B*2C4403 
B29E*3003 
B2A&*2*e9EA 
E2»-.:--4;.34E2 

B2A6* 

B2A6*9C0A02 

B2A9*20SSD6 

B2AC*2C0B02 

B2AF*30B3 

B2Bl«4CA4AC 

B2B4*4CC0B1 

B2B7* 

B2B7*9C6905 
B2BA*S005 

B2BC* 

B2BC*A2FF 

B2BE*SE6?05 

B2C1« 

B2C1*48 

B2C2*A516 

B2C4*B500 

B2C6*A51 1 

B2C8*8501 

B2CA*A205 

B2CC*A&00 



JSR 
ST 2 
JSR 
JSR 
JSR 
c 



COURSE ENDED 



RIDC0Ri4C- 
JSR BEEP 
RESVAL 
START F 1.6 
MENU1 
DSPCRS 
PRTLEv'EL 
Si* DIST 
STZ DI ST 5 
JSR RIDCURS 
JSR MENU1 HBOFT 
BIT TIMTRLFLG 
E^.l *+5 
JSR MENU27 
JMF FJDC0R14D 

RIDC0RI5 ; START AFTER 

iJSR BEEP 

STZ STARTFLG 

JSR RESVAL 

BIT EXPFL6 ; EXPAND? 

BMI *+5 {YES 

JMP RIDC0R5 

JMP RIDCORH 



PACKDISP8 ;FULL UINDLOAD 
STZ UIINDLOADFLG 
BRA PACKDI SP&0 

PACKDISP ,'DI SPLAY IN PACK POSITION 

LDX #*FF 

STX WINDLOADFLG 

PACKDI SP80 

PHA ;SAVE POSITION 

LDA PNT8 

STA ADDR 

LDA PNT8+1 

STA ADDR+1 

LDX #5 

LDY #e 



B2CE* 
B2CE*A900 
£200*9100 
B2D2*CA 
B2D3*F005 
B2D5*207FA7 
e B2D6«80F4 



PACKDI SP1 
LDA #0 J CLEAR 
STA (ADDR) ,Y 
DEX 

BEG PACKDI SP2 
JSR ADD40 
BRA PACKDISP1 



EXISTING PACK 



B2DA* 
B2DA*66 
B2DB»8500 
B2DD»3510 



PACKDI SP2 

PLA ; GET POSITION 

STA ADDR 

STA PNT6 



BACK 



TT VT 07/V10U / 






Huntsy i 1 1 e Macr 


-88- 

o Ass-erTibl er 65C02 cross ssse-rrit-l er 


-for PC-DOS 2.& vl.£2^ c =i~ 


E2DF*A*2C' 
B2E1 *S56 1 
E2E3*A2e5 


LDA «S2C 
ST A ADDF;+1 
LDX ¥Z 
LDV *e 




B2E7* 
B2E7*A?FF 

B2EB*CA 
BZ£C*Fee5 
B2EE*2B7FA7 
B2F1*S&F4 


PACKDI SP3 " 
LDA #«FF 
ETA (ADD ,Y 
DEX 

BED PACKDI SF 4 
JSR ADD48 
BRA PaCKDISF-3 




B2F3* 

B2F^*-4C41 At- 


PACKDI SP4 
JMP RIDC0R5A 





•-ft 



e»i ibctiti ITE SHEET 



•8 9- 



Huntsville Macro Assembler 65002 cross assembler -for PC-DO: 



2 .0 v 1 
Module 



89 6 E 
9 &96E A991 
' 8>7k- AO £4 

?• E«75 A9A2 
B97Z 

8?ee> ?-ccFe3 

6963 60 



8984 
8964 
8986 
8?88 
8988 
898D 
898F 
8992 
8994 
8996 
8999 

899A 
" 89 9A 
899D 
89A0 
89A2 
i 89A4 
89A7 
89A9 
. 89AB 
89AE 
8980 
8982 
8985 
8987 
* 8989 
B9BC 

6 89BD 
89BD 
89BF 
89C1 
89C4 
89C6 
89C8 
89CB 
89CD 



A*8E 

A684 

286566 

A9F1 

A863 

286566 
o c 

A 5 0 3 

2ee:>68 

68 



AD4263 

287568 

A9D3 

A 8 63 

286566 

A9CE 

A06S 

288465 

A998 

A884 

286566 

A290 

A884 

288D68 

68 



A998 
A8&4 
28DF67 
A9E7 
A863 
286566 
A9E2 
A863 



;COPfPIGHT 1986 FRONTLINE TECHNOLOGY . INC. 
POUIERCALC ; CALCULATE POWER 
LDA ttLOU FPGRADE 
LDY ttrilGH FPGRADE 
JSP MOVFM 

LDA *L0W FPWIND 
LDY #HIGH FPWIND 
JSR FADD 

P0WERCALC8 

BIT FACSGN ; NEGATIVE? 

BPL POUiERCALCl 

ST2 FPPOWER ;YES, MAKE 0 

RTS 

POWERCALC1 
LDA *LOW FPSPEED 
LDY #HIGH FPSPEED 
JSR FMULT 

LDA #LOW INT8447 ;8.8447 (MPH TO METEPS/SEC, DIV E'Y 10> 

LDY #HIGH INT8447 

JSR FMULT 

LDX *L0W FPPOWER 

LDY #HIGH FPPOWER 

JSR MO^MF 

RTS 

GRADECALC ; CALCULATE GRADE POWER 

LDA GRADE 

JSR FLOAT 

LDA *LOUl INT4448 

LDY #HIGH INT4448 

JSR FMULT 

LDA #LOW INT8178 

LDY #HI GH INT017B 

JSR FADD 

LDA #LOW FPUEIGHT 

LDY #HI6H FPUEIGHT 

JSR FMULT 

LDX *LOW FPGRADE 

LDY #HI GH FPGRADE 

JSR MOVMF 

RTS 

WINDCALC 

LDA #LOW FPWEIGHT 
LDY #HI GH FPUEIGHT 
JSR MOUFM 

LDA #LOW INT2e5 ; 0 . 0002855556 
LDY #HIGH INT205 
JSR FMULT 

LDA #LOU INT226 ; 0.002266667 
LDY #HI GH INT226 



SUBSTITUTE SHEET**^ 



tt u^/uiuu i r^l/UOOO/U^UD 

90 

huritsvH ]e M&cre A=rtT,:- er cross assembler -for PC-DOS 2.* . E2_ c ?^^ : 



B9CF 


^ t V ~ & W 


JSR 


FaDD 




^2 r 3 


LDX 


#L0W FACTMF 


89D«s 


Ate 3 


LC^ 


#KIGh FACTMF 


8906 


a» www ^» ^» 


JSR 


MOv'MF 






LDA 


#_0u' FrS p 'EEM 6 




A6 & 4 


LDY 


*HI6H FPSPEED 16 




ZeC 9 66 


JSP 


CONUPK 


8S9E*' 


A9EC 


LDA 


HLOW INT2 :"2 




AP 63 


LDY 


*H!GH I NT 2 


E9E4 


26D r 67 


J=F 


M0VFM ~~ 


S9E7 


26 926B 


JSR 


FPWRT 


S C EA 


A963 


LDA 


*LOU< FACTMF 


e?EC 


AC'C'r 


LD't 


♦♦HIGH FACTMF 


S9EE 


26t.566 


JSR 


FM'JLT 


89F1 


AD6965 


LDA 


UINDL0ADFL6 


S9F4 


D668 


BNE 


WINDCALC2 


89F6 




UINDCALC1 


89F6 


A2A2 


LDX 


♦♦LOW FPWIND 


89F8 


A664 


LDY 


♦♦HIGH FPWIND 


89FA- 266068 


JSR 


MDVMF 


89FD 66 


RTS 




S97E: 




• WINDCALC2 


B9FE A96F 


LDA 


#L0W INTPT7 ;6.7e 


8A66 


A864 


LDY 


♦♦HIGH INTPT7 


8A6:Z 


26656-6 


JSR 


FMULT 


8A65 


86EF 


BRA 


WINDCALCI 


8A07- 




SPEEDDIV16 


8A67 


A98E 


LDA 


♦♦LOU FPSPEED 


8A69 


A664 


LDY 


#HIGH FPSPEED 


8A6E 


26DF67 


JSR 


MOVFM 


8A6E 


263867 


JSR 


DIV16 


8A1 1 


A293 


LDX 


#L0U FPSPEED 16 


SA13 


A664 


LDY 


♦♦HIGH FPSPEED 16 


8A15 


286D68 


JSR 


MOVMF 


8A18 


66 


RTS 




8A19 




PAGE 



It- 



6 



hur.tsv ! "! )e Macro AssemDler 



91- 

65C&2 cross assemoler for 



SAl 9 




DrtCCALC ; CALCULATE DAC VALUE AND LOAD 


S~l 9 


23 3 3rd 


J C.R. 


RDYFAC 




A[>4n&4 


I DA 


ADTOT+ 1 


Dt • a r 


P. e ^A 


« * Pi 


~ P^ w ^ w 


OrtA. ♦ 


rnk •* v nt 




A^HT 


a- ~ * 




O 1 Pi 






^ L • w' -* 


TCD 


WiPMAI 
IN'—'Tsf in i» 




pi ~ W *T 


LL'n 


mi qli T h-JT^~^ ^ s .6697o5625 


On^ w* 


£i 1* /A, ^ 
n L' v w 


LL'i 


**W!Pipt TNTT974S 


On»U 7 


^ t r W* W w 




FMULT 'NORMALIZE TO UOLTS 




Pi ^ W 


t r>y 


*»LOU! FPACC 


SA" 


AE'C" 3 


LDV 




&A34 




TCD 

w o r. 


i IV* t li 


On ♦ 






TT L. W^' rrHWW 


OtlOT 


£ah ft Q 
nc w w 


i ay 


MHIGH FPACC 

tt n 4 w n i r n w* w 


Or 1 w D 


20 6566 


.TQ& 


PMULT » A 2 




A993 

Pi 7 ? W 


1 Ti^. 
UUH 


Ml fTuJ PP^PFFDIB : SPEED/1 6 


OA A ft 


Aft 3 4 

PiV V " 




w Ml on prorttyio 




£E>0?00 


TCC* 


CTM! IJ T 

rnut i 


OHHj 


A9PA 
H7r © 




tt L. U W UNI | lt»Ow 


DHf / 


Aft 

nO OJ 




iUTRM TMT1 APR 
TrrliOH ir»l l*tOO 


Or**+T 




TOD 


rnUL I 


OA^r 
OrnHU 


A2£2 

rtfcOw 






OPi*T& 


A80 3 

nv v w 


i nv 


MM T ftH PATTMP 

tt n i w~ rnL I *.* 


on w t* 




TCD 


MOAJMP • Q£kl JP 


QHJw 


Pi 7 


l r>A 

WL'pi 


ft W WW 1 IN 1 * 




A&63 


. LDY 


#HIGH INT1 


8A57 


26C°66 


JSR 


CONUPK 


8A5A 


A993 




ttLQLI FPSPEED18 


8A5C 


A004 




MHIGH FPSPEED16 


8A5E 


26DFo? 


JSR 


MOVFM 


8A61 


28EAFD 


JSR 


FPDIU siA 1 


8A64 


A93? 




TT WW In > b 


S#T™I w w 


A664 


LDY 


MHTGH INTE 


8A68 


28C966 


JSR 


CONUPK 


wnwf 


A5D6 




PAPPyP •GpTT READY FOR FPWRT 


DHOL/ 


2P924B 


TCD 




On r V 


A9FB 

Pi 7 I D 


r rsA 
WL/pi 


Ml nu TNT12S32 :0. 12832 


Of*1 r ^ 


Plv w w 


i nv 




BA74 


26 6566 


TCP 

w OK 


PMI It T 


RA77 

On r r 


204548 

£ w ~ w w w 


TCD 


MOl JAP 
nUvHr 


On r n 


Pi 7 V w 


1 P\A 
UUn 


Ml TKTT1 ^9ft^ 
ft w wW l TM 1 4 ^ T v w 


DA7r 

On r w 


Pi O W*T 


i nv 


MUYfti-l TKTT1 OPftS 


GA7F 

Off 1 f 




JSR 


MO<JFM 


6AB1 


20F664 


JSR 


FSUBT 


8A84 


A963 


LDA 


#LOW FACTMP 


8A86 


A883 


LDY 


#H1GH FACTMP 


8A88 


286566 


JSR 


FMULT 


8A8B 


AS>F2 


LDA 


#LOW FPM 


8A8D 


A884 


LDY 


♦♦HIGH FPM 


8A8F 


286566 


JSR 


FMULT 


8A92 


A263 


LDX 


♦♦LOU FACTMP 


8A94 


A883 


LDY 


#HIGH FACTMP 



SUBSTITUTE SHEET 



rci/us»5/uzyur> 
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Hu-rrtsv-T 1 * K?crc As = err.:: : er c5C 62 crc = = as setT-Dl er -for 2.0 . r2_ c ; 

Module: E>:# 



J 5" MZ'v'MF 



©•-IT 7 


? ^ 2 




li : flu. PpwZCC r }1 pi 


©Art- 


ft 




fe — T .v*- rp c p'p p r» 1 ft 








DLh ri ) 


wHHt> 


A 7 k't. 




*4 f * cp: i 

f* » w itA. r p 




Ml* b** 






Oft* !»r 








CHrt 


>. ^ »"* 






8AA9" 




i r. - 












O A . f 




i * 






i% •** 


• r\\ -■ 


few t cp:pp?" < ft 


© ■* - tt T 




sT c- 


M'"l : ! P r *-* 


oi-ir 






TT ^ U1A» P « Wi & & • V 


CHE : 




i nv 




OHb? 




TCC' 


CMI tt *P 






LL'H 


TT ta» L>'WSr' | 1 \" 


8ABE 


A004 


LDY 


♦♦HIGH FFV2 




266566 


JSR 


FMULT 




htUH 


LDA 


#L0U FPARG 


ohLj 




LDY 


*)HIGH FPARG 


DP l U.r 


o hod 


JSR 


FADD - 




nrOC- 


LDA 


#L0W FAC-TMP 






LDr 


*»HIGH FACTMP 


OH*> t 


^-tj y ■» c* 


JSP 


FADD 




H ^ 


r.\. 


VLQU FPRFWR ; REAL POUER 






LDY 


*»HIGH FFRPulR ' 


CSHvJ 




JSR 


MOUMF- 






DACCALC9 ; KEEP RUNNING STACI 


8AD3 


18 


CLC 




6AD9 


A982 


LDA 


*»L0W FPRPWRSUM+46 


6ADS 


8522 


STA 


PNT17 


6ADD 


69P5 


ADC 


#5 


8ADF 


8520 


STA 


PtvlT16 


6AE1 


A964 


LDA 


MHI6H FPRPWRSUM+40 


8AE3 


8523 . 


STA 


PNT17+1 


8AE5 


6966 


ADC 




8AE7 


8521 


» I t-t 


PrJTl 6* I 


BAE9 


A268 


LDX 





8AEE DACCALC1 6 

8AEE AB04 LDY #4 

SAED DA CCA LCI 1 

SAED B122 LDA (PNT1?) ,Y 

8AEF 9126 STA CPNT16> ,Y 

8AF1 8S DEY 

8AF2 10F9 BPL DACCALC1 1 

8AF4 CA DEX 

8AF5 3813 BKI DADCALC 1 2 

8AC7 3£ SEC 

8AF6 A522 LDA F'KT 1 7 

8AFA 8S2C STA PNTld- 



93- 



Hur.tst- i 



lie Meier e Assembl er 65C62 cross assemr 1 *r 



■for PC 



Hoc- 







SBC 


#5 






STA 


PNT17 




A52S 


LDA 


PNT17+1 


£ BBc2 


8521 


STA 


PNT16+1 






SBC 


*e 




8523 


STA 


PNT17+1 




6C E 1 


BRA 


DAC-CALC-16 


EE' OA 






vn 


A25A 


LD>' 


*L0W FPRPWRSUM 


BB6C 


A804 


LDY 


♦♦HIGH FPRfWRs-'JM 


8B*E 




JSR 


MOVfiF 


e=-i i 


A*CF 


LDA 


♦♦LOW FRPOWE* 


BE IS 


AC'C-3 


LDY 


ttHIGh FPPOWER 


BE 15 


26 C 96 6 


- JSR 


CONUPK 


BE IB 


26EAFD 


JSR 


FPDIV 


BE IE 


A263 


LDX 


#LOW FACTMP ;SAUE 


8B1D 


A603 


LDY 


♦♦HIGH FACTMP 


SB I F 


20@D6B 


JSR 


MCJMF 


BBZZ A956 


LDA 


#LOW INT1 ;<1? 


8B24- A663 


LDY 


♦♦HIGH INTi 


8B26- 


20 9468 


JSR 


FCOMP 


8E29- see 6 


BMI 


DACCALC66 :YES 


BE2B 


AD6C62 


LDA 


DACTMP ; ALREADY AT FULL LOAD? 


BB2E 


C9FF 


CMP 


#*FF 






BNE 


*+3 JNO 


BE32 


66 


RTS 


jYES. RETURN WITHOUT CHANGING 


8B33 




DACCALC66 


6B33 


A963 


LDA 


*LOW FACTMP 


8B25 


A663 


LDY 


♦♦HIGH FACTMP 


8B37 


26DF67 


JSR 


MOVFM 


BB3A 


A9DB 


LDA 


♦♦LOW INT14 ;1 .4 


8B3C 


A663 


LDY 


♦♦HIGH INT14 


8E3E 


26 9466 


JSR 


FCOMP 


8B41 


3686 ' 


BMI 


DACCALC8 ;0K, <1 .4 






;JSR BEEP ;*TEST 


8B43 


A9D8 


LDA 


♦♦LOW INT14 ;LOAD WITH 1.4 


BB45 


A663 


LDY 


♦♦hi gh intm 


B¥47 


8664 


BRA 


DACCALC6A 


, 8B4? 




DACCALC6 


BB49 


A963 


LDA 


#LOW FACTMP ;GET VALUE BACK 


8B4B 


A663 


LDY 


♦♦HIGH FACTMP 


& BB4D 




DACCALC6A 


8B4D 


26DF67 


JSR 


MOVFM 


BB56 


A944 


LDA 


♦♦LOW FPDAC 


BB52 


A864 


LDY 


♦♦HIGH FPDAC 


8B54 


266566 


JSR 


FMULT 


8B57 


A244 


LDX 


♦♦LOW FPDAC 


8B59 


A664 


LDY 


♦♦HIGH FPDAC 


8B5B 


268D6B 


JSR 


MCMiF 



SUBSTITUTE SHEET 



94- 

Hurrts-vi 1 le Macro Assembler 65C82 cross assembler -for PC 



8B5E. 


JSR FADDK 




JSR .01 NT 


6B64- A5DB 


LDA FACMOH ;>255? 


BB66 Fee 4 


BED DACCALC2 ; MAYBE NOT 


8&6SE 


DACCALCl 


6B'6S: A9FF 


LDA #£FF *LOAH TiCtC' PRETTY WP^i t! 1 v 


8B6A* SECl 5 


BRA DACCALC4 


BBcC 


DACCALC2 j TRY NEXT BYTE 


BB'dC: A5D? 


LDA FACMO 


8B£E D6F8 


BNE DACCALCl 


BB" 7 !-* A5W 


LDA FACLO 


8B7Z DB6C' 


BNE DACCALC4 


86:74- A2*4 


LDX #4 


8B76 


DACCALC3 


8B76 BDC963 


LDA INT10,X 


8B7? 9D4484 


STA FPDAC.X 


8B7C- CA 


DEX 


BB7B- 1 8*7 


BPL DACCALC3 


8B7F A9BA 


LDA #10 


853331 - 


DACCALC4 


8ESi: swce2 


STA DACTMP 


813514'' 8DA67F 


STA S7FA0 


8SEE7 7 &0i - 


RTS 



SUBSTITUTE SHEET 



95- 



Huntsv i 1 1 e Macro Assemtler &5C62 cross assernbl er -for 



PC -DOS 2.C 



92B0#2C'BSDi 



;COPY'RIGHT 1986 FRONTLINE TECHNO_OG'i , INC. 
A'JTiJPK 

JSP RESv'AL : RESET all VALUES 



92E' S*- 

92B**2CDAEr 
92BC*20£3A; 



JSP BEE C " 

jsf limitcalc ; calculate upper and louief. limits 

JSP MENUS 0 ;AUTO TARGET MENU 
JSP DSPON6 ; DISPLAY ON 



?25~* 

9-2dF*20 t Ca5 

92C2*20e-8EE 

92C5*C9 1 1 

92C7*D003 

92C?*4C 1 D95 

92CC*C912 

92CE.*D003 

S?2D0*4CE792 

92D3'*C913 

92D5*0003 

92D7*4CBD94 

92DA*C914 

92DOD0E1 

92DE*-9CD17P 

92£l.*2e 96C6 

92E4*4C7587 

92E7* 

92E7*202FF2 
92EA*2086F3 



AUTUP r. i 

JSP KEVIN ; READ KEYBOARD 

JSP BEEP 

CMP #9 11 ; START 

BNE *+5 

JMF ALTO START 

CMP #«I2 ; CHANGE LIMITS 

BNE «*5 

JMP AUTWRK2 

CMP #*13 ; CHANGE MAX 

BNE *+5 

JMP AUTWRK3 

CMP #t-14 

BNE A'JTWRKl 

STZ *7FDI 

JSR CHRLD 

JMP EXMODE {PREVIOUS MENU 

AUTUIRK2 ; CHANGE LIMITS 
JSR MENU31 ; DISPLAY 
JSR MENU32 



92ED* 

92ED*207CA5 
92F0*2068BE 
92F3»C911 
92F5*F90D 
92F7*C912 
92F9*D003 
92FB*4CD493 
5 t 2FE*C913 
9300*D6EB 
*9302*80AF 



AUTWRK2A 

JSR KEY IN ;READ KB 
JSR BEEP 

CMP ;UPPER LIMIT 

BEQ AUTWRK2B 

CMP #*12 ;LOUER LIMIT 

BNE *+5 

JMP AUTWRK2J 

CMP **13 ; PREVIOUS MENU 

BNE AUTUIRK2A 

BRA ALTWRK0 



9304* 
9304*A9FF 
9306*601 F02 



AUTWRK2B ; UPPER LIMIT 
LDA #*FF 

STA DPFLG ;DP NOT ALLOWED 



9309* 

9309*A900 

930B*eDA224 

930E*8DA324 

931 1*8DA424 

9314*8DDB24 



AUTWRK2B1 

LDA *0 jCLR BLOCK 

STA *24A2 

STA *24A3 

STA *24A4 

STA S24D8 ; BLINK OFF 



Appendix 
C 



96- 

Huntsv ille Macro Assembler 65C&2 cress *sserc*er -f 



^31"*gDAv-24 ST A 

?S 1**^*6; LDA 

921 OSDA223 STA 

f3:F*SDAS2S STA 

^322*=T»*423 STA 

9^225 2 LDA 

^~*8DD*23 STh 

*S2**A?A0 LDA 

92ZC*8DDB23 STA 



*24A? 

*1 : BLOCK 

$2BA2 

*23A3 

*2 : BLINK THESE 

f 23D9 

#SA0 

*23DS 



932 F* 

9S2F*207CA5 
9322*20 e-SBE 
9225*C?1 1 
9337*F6Dfc 
9339*0912 
933B*D003 
932D*4CD493 
9346*0913 
9242*D003 
9344*406392 
9347*C985 
9349*F04D 
934B*C969 
93AD*F8»2 
9£4F*C93A 
"935I*Ee2'I 
9353*C930 - 
9255*90 D8 
9357*43 
935B*A988 
935A*e500 
935C«A923 
935E*8561 
9368*A2B3 
93<S2*867A 
9364*A822 
93e-6*847£ 
9368*A206 
936A*68 
936B*2865A4 
?36E*B694 
9376*28A8BA 
9373*AE2782 
9376*18 
9377*BD1005 
937A*6905 
937C*C56C 
937E*B8B4 
9380*18 
93S1*A56C 
9383*6905 
9385*DD3A85 
9388*9663 
938A*4C6493 



AUTWPK2C 
JSR KEY IN 
BEEP 

*Sil ; UPPER LIMIT < AGAIN) 
AL'~WFX2E'I 
#S2 2 ;L0WER LIMIT 
*+5 

AUTURK2J 

#*13 ; PREVIOUS MENU 
*+5 

AUTURKB ;DOES LIMITCALC 
#5 :- 



JSR 
CMP 
BEG 
CMP 
BNE 
JMP 
CMP 
BNE 
JMP 
CMP 
BEQ 
CMP 
BEQ 
CMP 
BOS 
CMP 
BCC 
PHA 
LDA 
STA 
LDA 
STA 
LDX 
STX 
LDY 
STY 
LDX 
PLA 
JSR 
BCS 
JSR 
LDX 
CLC 
LDA 
ADO 
CMP 
BCS 
CLC 
LDA 
ADC 
CMP 
BCC 
JMP 



AUTWRK2D 
#9 j + 
AUTURK2S 
*33A 

AUTURK2C 
#S36 

AUTURK2C 

#S86 

ADDR 

#*23 

ADDR+1 

413 

XSAVE 
#34 
YSAVE 
#0 

INDT01+3 
AUTUJRK2B 
ASCHEX 
USERID 

LOULIM f X 
#5 

HEX+1 
AUTWRK2B 

HEX+ 1 
#5 

HRTMAX,X 
*+5 

AUTWRK2B 



><;■ 



<0 



INVALID KEY 



; BELOW OR = LOW LIMITh 



; ABOVE OR = MAX -5 



97- 



Kur tsv.- 1 "i 1 e Mscro A = sent . * 



65C-C' 2 cross a s se-n.c 



939D+t~5c~ 

393*5* 4 IE"? 2 

93?E* 

93?E*:S 
939C*-3r-2 085 

93A4*-BC-?? 
cj'A- -EI 2- C-5 
93-** 2 E 
93AA*E98 1 
93AC*9D25e5 
93AF*801A 

93E1* 

?3Bt*A£2702 

93B4*I6 

93B5*BD2585 

9368*6985 

93BAOD3AG5 

93B:?*?Cn-3 

•93BF*4C2F93 

93C2**& 

93C3*BD2585 

93C6*6901 

93C8*9D2585 

93CB* 

93CB*283197 
93CE*2839F3 
93D1*4C0993 

93D4* 
93D4*A908 
93D6*8DA223 
93D9*BDA323 
930C*8DA423 
93DF*8DD823 
,,93E2*6DD923 
93E5*A98 1 
93E7*3DA224 
„93EA*8DA324 
°93ED*8DA424 
93FB*A9A8 
93F2*8DDB24 
93F5*A902 
?3F7*8DD924 
93FA*A9FF 
93FC*eDlPe-2 



ETA HI GHLIM .X 
JSF LIM1TCALC 
JMP A'.TU!F;k2 

ALTURK2D ;- 

LD<\ use-.: :> 

CLC 

LDA LOWLIM.X 
ADC #5 

cmp hi ghlim, x 

b33 a'_!tu!fk2c : at or belo>' low 
ld* ki-shl:m.x 

SEC 

SEC #1 

STA HIGHLIM.X 
BRA AUTWRK2G1 

AUTWRK2G 
LDX USER ID 
CLC 

LDA HIGHLIM.X 

ADC *5 

CMP HRTMAX.X 

JMP AUTWRK2C ; ALREADY AT MAX 
CLC 

LDA HIGHLIM.X 
ADC HI 

STA HIGHLIM.X 

AUTWRK2G1 
JSR LIMITCALC 
JSR MENU31A 
JMP AUTURK2B1. 

AUTURK2J ; LOWER LIMIT 
LDA #8 

STA *23A2 ;CLR BLOCK 
STA *23A3 
STA *23A4 

STA S23D8 ; CLR BLINK 
STA *23D9 
LDA til 

STA *24A2 ; BLOCK 

STA *24A3 

STA *24A4 " 

LDA #SA6 

STA *24D8 

LDA #2 

STA *24D9 

LDA *SFF 

STA DPFLG ;NO DP 



93FF« 



AUTURK2K 



SUBSTITUTE 



TT 07/U10U / 



98- 



Huntsv i 1 1 e M*cro Assembler 65I&2 cross as s emt \ er -for POD OS 2.8 .£2. Prir 

Module: B:«-'2A~ 



93FF*2e7GA5 


JSR 


KEY IN 


9402*26 6SE'E 


JSR 


BEEP 


74C »**w 7 J i 




f* * * * j W r r P Lanj I 




PnjP 
PINE. 






TMP 




r4tf C*C? * -i 




Ms t ^ * I Iff* f TMTT i* ^ T ► 1 




bt U 


ftUTWKK^r- 


941 i w 




ft* 1 cf ;FKtvJUUr MENU 


^5 >V * v£ F\ ft A ™» 


DKlC 

BNfc 


*+o 




Jrlr 


HUTWKK0 


7*ti /*i_ * t 




; — 


t*? 1 T**r 






/Hi C-*w - w ? 


TMP 




c-^ i fWPA£p 


prr. 
ecu 




T*t 1 r"w/ wfn 




OA 

ft* OH 




DUO 






pMp 


M« Oft 




pen 


HU t WrfAZN y s c» 
















P l n 






1 rv^v 






J> 1 rn 


j\ r\ r\ C* a 1 




LUX 


ft w 




CTY 
P I A 


aDHVC 




1 p iV 
UtJ T 






CTV 
D » T 


T OHVt 






fro 




PI A 






TCP 












TCP 






I CSV 










9448*F0BA 


BEG 


AUTWRK2J ;0 


944A*18 


CLC 




9448*6905 


ADC 


#5 


944D*DD2585 


CMP 


HIGHLIM,X 


945B*B8B2 


BCS 


AUTURK2J $ AT OR ABOUE HI GH LIMIT-5 


9452*A56C 


LDA 


HEX+1 


9454*9D1005 


STA 


LOWLIM.X 


9457*203197 


JSR 


LIMITCALC 


945A*4CE792 


JMP 


AUTURK2 



* 



945D* 

945D*AE2762 

9468*BD1885 

9463*Fe9A 

9465*38 

9466*E961 

9468*901865 

946B*8e-17 



AUTWRK2M 

LDX USER ID 

LDA LOWLIM.X 

BEQ AUTURK2K ; ALREADY 8 

SEC 

SBC «1 

STA L0WLIM,X 
BRA AUTUIRK2N1 



- 99- 



Ht-r.tsv t 1 ' €• Maco Asserr.r-T e-: 



i i * - 



e5CC*2 cross assembler -tor PC -DOS 2\ & 

he • e : 







ALTUIRK2K ; + 




94oD*«E27&2 


LD* 








CuC 






947i*SD10&5 


LDA 


L0UIL1M.X 




947'4*c c c5 


ADC 


#5 




9'47.c^D:25f5 


CMP 


HIGHLIM.X 




9"47r*E'£B4 


BCS 


A'JTL'Rk£^ 


* 


94-7 BV 1 S 


Ci_C 






9'47C*B^iee5 


LDA 


LC'UJLIM.X 




947F*c?&l 


ADC 


til 






STA 


LOWLIM,X 






AUTvJF:K2Nl 




94-&4+203I97 


JSR 


LIM1TCALC 




9S£-7*2e3<?F3 


JSR 


MENUS 1 A 




948A*4CD493 


JMP 


AUTURK2J 




946D» 


AUTUIRK3 




?4SD*209EF3 


JSR 


MENU33 




94 90Z* 


AUTURK3A 




9490*A90 1 


LDA 


«tl 




9492>8D9823 


STA 


♦2398 iBLi 




9~495*BD9923 


STA 


♦2399 




949e*SD9A23 


STA 


S239A 




949B.*A92A 


LDA 


#S2A 




949E*SDD623 


STA 


♦23D6 




94Ak*A9FF 


LDA 


#*FF " 




94A2*BD1F02 


STA 


DPFLG ;N0 




94A5* 


AUTURK3B 




94A5*207CA5 


JSR 


KEY IN 




94A8*26£86E 


JSR 


BEEP 




9T4AB*C91 1 


CMP 


#*U \PRB 




5S4AD*D003 


BNE 


#♦5 




94AF*4CB392 


JMP 


AUTURK0 




94B2*C905 


CMP 


#5 ;- 




94B4*F03A 


BEQ 


ALTURK3C 




94E£.*C909 


CMP 


#9 ;* 




94EK*F047 


BEQ 


AUTWRK3D 




94BA*€93A 


CMP 


#4 3A 




94EOB0E7 


BCS 


AUTWRK3B 




94BE*C930 


CMP 


#♦30 




94C0*90E3 


6CC 


AUTURK3B 




94C2*48 


PHA 






94C3«A980 


LDA 


««ee 




9*C5«8500 


STA 


ADDR 




954C7«A923 


LDA 


#t23 




97409*8501 


STA 


ADDR+ 1 




94CB«A203 


LDX 


#3 




954CD*S67A 


STX 


XSAUE 




9*CF*A0 i 8 


LDY 


#24 




9*Di»847E 


STY 


YSAVE 




9*D3*A200 


LDX 


#0 



;>9 



SUBSTITUTE SHEET 



▼ T \J 07/U10U / 



-100- 



Kwr-t = -- 1 1 '. e Macro Asserr.r- 



65 CO 2 cr:-=s e.s semi ". *r -?or 



e:- 



94r?*=t Fi_A 
<r4I 6*2e z 5-i JSR 

941' = *E GET E:CE 

?4DE*AE2 r {:-2 LD* 

*4E1*h5cC LDA 

?4E2*C?D:> CMP 

94E5 ECs 

94E7*?:-3hC-5 STA 

?4EA*26SD©6 JSR 

94ED*4CB352 JMP 



INDT61+3 

A'/Tu'PI-:^ ; INVALID KEV 

ASCKEX 

USEF 1 :.• 

HE» 1 

#221 



;>226 



HRTMAX. X 

LFlOUICALC » CALCULATE NEW LIMITS 
AUTWRkC* 



94-6* 

94~0*AE2702 

94F3*SD3A05 

94F6*33 

94F7*E961 

94F9*9D3A05 

94FC*208DB6 

94FF*B013 

9561* 

95ei*AE2702 

950-*ED3A05 

9567*C9DC 

9589*36 9a 

955EMS 

950C*6901 

950E*9D3A05 

9511*263036 

9514* 

9514*203197 
9517*20EDF3 
951A*4C9694 



ALTWR 1 3C : - 
LDX USER ID 
LDA HRTMAX , X 
SEC 

SBC #1 

STA HRTMAX, X 

JSR UPLOWCALC ; CALCULATE NEW LIMITS 
BRA AUTURK3D1 

AUTURK3D ;+ 
LDX USER ID 
LDA HRTMAX, X 

CMP az2e 

BC5 AUTWRK3B ; ALREADY AT 226 
CLC 

ADC #1 

STA HRTMAX. X 

JSR UPLOWCALC ; CALCULATE NEW LIMITS 

AUTURK3D1 
JSR LIMITCALC 
JSR MENU33A 
JMP AUTWRK3A 



951 D* 

951D*26BAED 

9526*26728D 

9523*20 9FAB 

9526*9C6F05 

9529*9C6E65 

952C*9C7005 

952F*A909 

9531*8D4963 

9534*20 57F0 

9537* 
9537*645F 

9539* 

9539*2662B7 



AUTOSTART ; START AUTO TARGET 
JSR MENU30ASOFT ;S0FT KEYS 

JSR LDINITDAC } INITIALIZE A/D, LOAD VALUES IN FLOATING POINT 
JSR I RQENAELE 
ST 2 INCFL6 
STZ DECFL6 
STZ FACEFLG 

LDA **9 ;16 READINGS 5 
STA HRTCNT 

JSR UARM'JP ; "WARM-UP" 

AUTOS 1 
STZ KEY 

AUT0S2 

JSR RPMCALC ; CALCULATE SPEED 



ft! INSTITUTE SHEET 



-101- 



Hu r. t = - ; i e Macro Assembler 65C&2 cress assembler -for P C -DC' I 2 . C' : : . 5 2 _ F* 



953C*2e:-lE~ J£P 

953 C »204CB8 JSP: 

?5-2*2c-2e;:'- jsr 

<j 9545*A5A3 LDA 

95£-7*:-ei?-3 BNE 

954- s *-lA695 jm? 
?54C**5A~ ' LDA 

* 95*E*:-60A BNE 

955&*A?-f* LDA 

9552*85A7 5TA 

9554*2C'C-7&A JSR 

9557*2*198* JSR 



CADCALC ; CALCULATE CADENCE 
HEARTCALC ; CALCULATE HEART 
ADAUC- ; RUNNING TOTAL 0? 16 
TIMERS ;1 SEC? 
#+5 ; NO 
ALT0S5 

TIME Re ;0.24 SEC 
AUT0S2A ;N0 
tte ; RESET 
TIMER* 

SPEEDDIU1B ; CALCULATE TRUE 
DACCALC ; CALCULATE NEW DAC 



RATE 

A/D READINGS 



SPEED 
VALUE 



(DIVIDE BY 1C« 



955A* 

955A*a55F 

955C*R61A 

955E*C?I 1 

956&*F610 

?56Z*C912 

9564*DCD1 

9566*29 68BE 

956?*A202 

9565*288892 

956E*645F 

9576*88 66 



AU7CS2A 
LDA KEY ; KB? 
BEG' AUT0S2B ;NO 
CMP #«11 | STOP 
BEG AUT0S2A1 
CMP Ml 2 {TURN ON/OFF 
BNE AUTOS 1 
JSR BEEP 
LDX *2 ;ROL' 2 
JSR HRBEEPTOGGLEL {TOGGLE 
STZ KEY 
BRA AUT0S2B 



HEART RATE BEEP 



HEART RATE BEEP 



9572* 


AUT0S2A: 




9572*29 B4C3 


JSR 


STOPVAL ;PUT SOME VALUES 


TC 0 


9575*4CB392 


JMP 


AUTWRK0 ;"?? 




9578* 


AUT0S2B 




9578*AD0Ae2 


LDA 


STARTFLG 




957B*D6BC 


BNE 


AUT0S2 jPAST WARMUP 




957D*AD1E03 


LDA 


ELTIMMIN 




95ee*C982 


CMP 


*2 




9582*9065 


BCC 


AUT0S2 ;N0T 2 MIN YET 




-9584*20 6CFB 


JSR 


CLRFACE ; ERASE "WARM UP" 




9587*CE0A62 


DEC 


STARTFLG ;=*FF 




958A*A955 


LDA 


ttLOU FPRPWR ;GET PRESENT 


POWER 


958C*A904 


LDY 


#HI6H FPRPWR 




958E«26DF67 


JSR 


MOVFM 




9591*263867 


JSR 


DIV10 ;DIVIDE BY 10 




. 9594«20E664 


JSR 


FADDH ; ROUND 




*" 9597*260569 


JSR 


INT ;T0 INTEGER 




959A*201Fe7 


JSR 


MUL10 ; MULT I PLY BY 10 




959D*A2CF 


LDX 


#LOW FPPOLJER ; STORE IN POWER 


~ 959F#A003 


LDY 


♦♦HIGH FPPOWER 




95AM266D68 


JSR 


MOVMF 




95A4*8093 


BRA 


AUT0S2 





95A6*. AUT0S5 ;1 SEC 

95Ae*A919 LDA #25 ; RESET 

95A8*B5A3 STA TIMER2 

95AA*208BFe JSR UPMEN30 j UPDATE ALL NUMBERS 

95AD*AD0A02 LDA STARTFLG ; RUNNING? 



SUBSTITUTE SHEET 



»r \j 07/uiou / 



-102- 



Hur-tsvi : le *'scr o Asse-rr.t 1 er- 65C&2 crr = = asseirc ". s-r 



9seeoec-3 



BNE ALTO Si ;YE£ 
JMP AUT0S2 



95EE*-A0t'4 

95Ce»2e=-4cS 

95C3*3003 



AUTOS* 

LDA #LOU ! FPHRTAV'G ;6ET A^.'G HEART RA 
LDV *KIGK FPriFTA-'G 
JS? MC J FM 

LDA *L9U* FFLCH.TE= T ; COMPARE WITH LO 

LDr *KIGH FPLOUTEST 

JSP: FCOMF : UNDER LCW LIMIT? 

BMI AUT0S7 ;YES 

JH=- A'.TCE? ; CHECK I F ABOVE HIGH 



95C8* 

93C8*AD70C5 

95CB*:>ee5 

95CD*AD6E05 

95De«Fee9 

95D2* 

95D2*206CF0 
95D5*9C7005 
95D£*?CcE05 



AUTVi/ 

LDA FACE-LG ; FACE ON? 

BNE AUT0S7A ;YES 

LDA DECFLG » DECREASE ARROU"? 

BEG AUT0S7B ;NO 

AUT0S7A 

JSR CLRFACE ; CLEAR FACE 
ST2 FACEFLG 
STZ DECFLG 



95DB* 

95DB*AD6F05 

95DE*F6BA 

95E0*AD2C03 

93E3*C928 

95E5*BB03 

95E7*4C3995 



AUTDS7B 

LDA INCFLG ; INCREASED LAST TIME? 

BEG AUTOES ;NO 

LDA SPTIMSEC 

CMP #4B ;40 SEC YET? 

BCS «+5 ; YES 

JMP AUT0S2 



95EA* 

95Ea*9C2C03 
95ED*9C2D03 



AUT0S8 

ST2 SPTIMSEC ; RESET TIMER 
ST2 SPTIMTNTH 



95FB*A9FF 

95F2*8D6F05 

95F5*9C6EC-5 

95F8*9C70B5 

95FB*AD29B3 

95FE*DB0A 

960e*AD2A63 

9<£03*C950 

9685*6003 

960?*4CDD96 

960A* 

960A*A9FF 

960C*CD0Ce2 

960F«F010 

961 1*A9CF 

9613*A003 

96I5*20E>F67 

9618*A91E 



LDA #*FF 

ST A INCFLG 

ST2 DECFLG 

ST 2 FACEFL6 

LDA SPDHEX 

BNE AUT0S8AA 

LDA SPDHEX+1 

CMP #86 ;< B MPH? 

BCS AUT0S8AA ;NO 

JMP AUTQSllAA ; DECREASE LOAD 

AUT0S8AA 
LDA #*FF 

CMP DACTMP ;DAC FULL? 

BEQ AUT0S8A ;YES 

LDA #LOW FPPOWER ;POUJER < 1000? 

LDY #HIGH FPPOWER 

JSR MO'v>FM 

LDA #LOW INT1000 



SUBSTITUTE SHE 



-103- 

Hunt&uille Micro Assembler i = ZZ2 cess esseins^r -for FC-D0=- 2.f : • 



1 — 



3 



9e! A*AC':4 


LDY 


♦♦high iNTieee 


961 C*20*468 


JSR 


FCOMP 


961 P*30C*6 


Br 11 


ALT OSS E- :YES 


9621* 


ALTC 


;:=SA 


962:*201FE- 


JSF 


1 MCRE-Vi'EFFOFT 


9624*4C3??5 


JMP 


ALT0S2 


9e27* 


A'JTOSSB 


9o27*A~AC 


LDA 


♦♦LOW FPHRTAUG 


9629*ri&e4 


LDY 


ttHIC-K FPHRTAUG 


962E*20D c c-7 


JSF. 


MOV-'FM 


962E*A C B! 


LDri 


♦*iou; fplo;,!te=t 


9c.^6*Af?tf 4 


LDY 


#HIGK FPLOUTEST 


96^*20EDc*h 


JSR 


FSUE ; GET DIFFERENCE IN HEART RATE 




JSR 


DIU10 ;DI<v'IDE BY 16 


T638*Zl 1 too < t 


JSR 


FADDH ; ROUND 




JSR 


INT ;T0 INTEGER 


963E*A263 


LDX 


ttLOW FACTMP ;SAVE 


9640*A003 


LDY 


#HIGH FACTMP 


9642*208D&5 


JSR 


MQVMF 


9645*A?5o 


LDA 


#LOW INTl ;<1? 


9647*A063 


LDY 


♦♦HIGH INTl 


9649*209468 


JSR 


FCOMP 


964£*10tf & 


BPL 


AUTOSSC :ND 


964E*A?56 


LDA 


♦♦LOW INTl ;L'SE 1 


9650*A063 


LDY 


♦♦HIGH INTl 


9652*8004 


BRA 


AUTOSSD 


9654* 


AUTOS BC 


9654*A?63 


LDA 


♦♦LOW FACTMP ;GET BACK 


9656*A003 


LDY 


♦♦HIGH FACTMP 


9658* 


AUTQS3D 


9£58*28DFA7 


JSR 


MOVFM 


9658*20 1F67 


JSR 


MUL18 ; MULT I PLY BY 16 


965E*A9CF 


LDA 


♦♦LOW FPPOWER ; INCREASE THAT AMOUNT 


9666*A003 


LDY 


♦♦HIGH FPPOWER 


9662*200465 


JSR 


FADD 


9665*A2CF 


LDX 


#LOW FPPOWER ;SA'v>E 


9667*A0B^ 


LDY 


♦♦HIGH FPPOWER 


96ot*2B0D6& 


JSR 


MOUMF 




JMP 


ALT0S2 


966F* 


ALTOS 9 ; CHECK FOR ABOVE LIMIT 


966F*A9AC 


LDA 


♦♦LOW FPHRTAUG 


9<S71*Ae&4 


LDY 


#HI6H FPHRTAUG 


9673*2BDF67 


JSR 


MOUFM 


9676*A?BB 


LDA 


#LOW FPH1GHTST5 ; > UPPER LIMIT + 5? 


9678*A8e4 


LDY 


ttHI GH FPHI GHTST5 


967A»2&9466 


JSR 


FCOMP 


967D*C90l 


CMP 




967F*D903 


BNE 


* +5 SUBSTITUTE SHEET 
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966:*4C2C'?7 


JMP 


AUTOS! 3 ;YES 


96S4*A9AC 


LDA 


#_OW FPHRTAUG 




LDY 


#KIGH FPHRTAUG 




JSR 


MCWFM 


9s8E*A*&c- 


LDA 


*lo;/« fpk:ghte=t 


968Z**Atf 64 


LDf 


♦♦HIGH FPril GHTEST 


9oSF^2C-r-c£ 


JSF. 


FCOMP j OVER LIMIT? 


9fc>2*C >*? 1 


CMF 


ml 




EEQ 


altos: e ?yes 




LDA 


FACEFLG ;HA*PY FACE ALREi 




BNE 


AUTOS°A ; YES 


9c.*E*-2$C9E:> 


JSR 


HAPPYFaCE 




LDA 


#SFF 


96A6*SD7ee5 


S~A 


FACEFLG 


96A3*S:»6Fe5 


STA 


INCFlG 


96A&*8D6E85 


STA 


DECFL6 


96A9* 


AUT0S9A 




ST 2 


SPTIMSEC ; RESET. TIMER 


96AC*?C2DB3 


STZ 


SPTIMTNTH 


96AF*4C3??5 


JMP 


AUT0S2 


96B2* 


AUTOS 16 


96B*:*AD7805 


LDA 


FACEFLG ;FACE ON? 


96E5*-D0C5 


BNE 


AUTO Si 8 A ;YES 


96B7*AD<£E05 


LDA 


DECFLG : DECREASE ARROW? 




BEQ 


AUTOS10E- ;N0 


96SC* 


AUTOS 1 0A 


96BC*26<£CFe 


JSR 


CLRFACE 


" 96BF*9C6F65 


STZ 


INCFL6 


9©C^*9C7B05 


STZ 


FACEFLG 


94C5* 


autos see 


96C5*AD6Ee5 


LDA 


DECFLG ;JUST DECREASED? 


9©C8«F08A 


BEQ 


AUT0S1 1 ;N0 


96CA*i-iDZC83 


LDA 


SPTIMSEC ;28 SEC UP? 


9©CD«C914 


CMP 


*20 


9©CF«B803 


BCS 


*+5 


9©Dl*4C3995 


JMP 


AUT0S2 ;N0 


96D4* 


AUTOS 1 1 


9©D4*9C6F05 


STZ 


INCFLG 


9©D7*9C76e5 


STZ 


FACEFLG 


96DA*CE©E05 


DEC 


DECFLG ;= *FF 


9©DD» 


AUTOS 1 IAA 


96DD*9C2D63 


STZ 


SPTIMTNTH ; RESET TIMERS 


96E9*9C2Ce3 


STZ 


SPTIMSEC 


96E3«AD6C02 


LDA 


DACTMP ;DAC AT 6? 


96E6*F010 


BEQ 


AUT0S11A ;YES 


96E8*A922 


LDA 


*LOW INT6 ; POWER > 0? 


9©EA*A664 


LDY 


♦♦HIGH INT0 


96EC*20DF67 


JSR 


MOVFM 



SUBSTITUTE SH 
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Mogu U : E I 

96EF*A*CF LDA #LOW FPPOUER 

96ri*AtiC3 LDY #HI6K FPPOUER 

96*3*26946$ JSP FCOMP 

%6F6*30I0 BMI ALT OS 12 ;N0 

96' z* ALTOS 1 1 A 

#o?S+2Z6EZZ BIT DECFLG ; DECREASE ALREADY ON? 

?e-E*seee bk: a.tcsuc ;yes 

96-D* ALTOS 1 IB 

9eFD*2eB9EF JSR DECREASEFFORT 

97ee*A?FF LD« t»$FF 

97e2*S:e.Ee5 ST* DECFLG 

9795* AUT0S11C 
9705*403995 JMP AUT0S2 



9708* 

9708*A9C9 

970A*A063 

970C*20DF67 

?70F*A9CF 

971 1*A003 

971 3*.20ED*4 

9716*A20F 

97I8#A003 

971A*200D68 

971D*4C3995 



ALT0S12 

jJSR CLRFACE 

LDA #LOUI INT10 

LDY #HIGH INT10 

JSR MOVFM 

LDA *LOW FPPOWER 

LDY #HI6H FPPOWER 

JSP FS'JB : DECREASE BY 10 

LDX MLOUl FPPOWER 

LDY ttHIGH FPPOWER 

JSR MOVMF 

JMP AUT0S2 



9728* 

9720*9CA07F 
9723*9C0C82 
9726*9CCF63 
9729*9C7805 
972C*9C4Fe5 
972F*80CC 



ALTOS 13 

ST2 *7FA0 ;6 DAC 
STZ DACTMP 
ST2 FPPOUER 
STZ FACEFLG 
STZ INCFLG 
BRA AUTOSHB 



9731* 

973l*2033F4 
9734*AE2702 
,9737*BDie05 
973A*85DA 
973C*207565 
^973F*A2C0 
"9741*A004 
9743*200D68 

9746*2033F4 

9749*AE2702 

974C*BD2505 

974F*85DA 

9751*207565 

9754*A2C5 



LIMITCALC ; CALCULATE LIMITS 

JSR RDYFAC 

LDX USER ID 

LDA LOWLIM,X 

STA FACLO 

JSR NORMAL 

LDX #LOUI FPLOWLIM 

LDY #HIGH FPLOULIM 

JSR MOVMF 

JSR RDYFAC 

LDX USER ID 

LDA HI GHLIM ,X 

STA FACLO 

JSR NORMAL 

LDX #LOW FPHI GHLIM 
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9756*A0?4 


LDY 


•HIGH. FPHIGHLIM 








975E*-2f33F4 


JSR 


RDYFAC 


975E*AE27P2 


LD>: 


USEPID 


97c! *B:.'cwe-5 


LDA 


HFTM^x.X 


C— _ ..- w c r\ ■ 


^. : Ci 


Fi- — J 


97&6*2e75:5 


JSR 


NORMAL 


9769*2345*8 


JSP 




97"6C*A9:9 


LDA 


#LOw iNTiee 


976E*A064 


LDY 


♦♦high 1NT100 


977k?*2Cr ,c £~ 


JSR 


MO'v'FM 


9773 


JSR 


fpz-zv 


977**^2C- 


LDX 


KLQU! FPMA>' 


9776*-A(?C*4 


LDY 


♦♦HISH FPMAX 


977A*20&r>68 


JSR. 


MO"v>MF 


977D*A9C0 


LDA 


♦♦LOW FPLOWLIM 


977F*A064 


LDY 


#HIGH FPLOWuIM 


9 /•8I*26k > Ffe7 


JSF: 


MOvFM 


97S4*A9C5 


LDA 


*LOW FPHIGHLIM 


97£6»A604 


LDY 


#HIGH FPHIGHLIM 


9788*20 ED64 


JSR 


FSUB ; HIGH - LOW 


978B*A941 


LDA 


♦♦LOW INTPT2 


97eD*AC64 


LDY 


♦♦HIGH INTPT2 


97SF*2e656£ 


JSR 


FMULT ;* 0.2 




LDX 


w^Ou FACTMP ;SA-'E 


9794*A083 


LDY 


♦♦HIGH FACTMP 


9796*26 0D68 


JSR 


MO'vWF 


9799*A9C0 


LDA 


#LOW FPLOWLIM 


979B*A004 


LDY 


♦♦HIGH FPLOWLIM 


9790*280465 


JSR 


FADD }♦ LOW 


97A8*A2B1 


LDX 


#LOW FPLOWTEST 


97A2*A804 


LDY 


#HIGH FPLOWTEST 


97A4*200D6B 


JSR 


MOVMF 


97A7*A963 


LDA 


♦♦LOW FACTMP 


?7A9*Aee3 


LDY 


#HIGH FACTMP 


97AB*28DF67 


JSR 


MOVFM 


97AE*A9C5 


LDA 


#LOW FPHIGHLIM 


97B8*A004 


LDY 


♦♦HIGH FPHIGHLIM 


97B2*28ED64 


JSR 


FSUB ; HI GH - 0.2*DIFF 


97B5*A2B6 


LDX 


ttLOW FPHI GHTEST 


97B7*A804 


LDY 


*HIGH FPHI GHTEST 


97B9*2B0D66 


JSR 


MOVMF 


97BC*A9C5 


LDA 


♦♦LOW FPHIGHLIM 


97BE*A004 


LDY 


#HIGH FPHIGHLIM 


97C0*2BDF67 


JSR 


MO'v'FM 


97C3*A99C 


LDA 


♦♦LOW INT5 


97C5*A863 


LDY 


♦♦HIGH I NT 5 


97C7*2864<£5 


JSR 


FADD 


97CA*A2BB 


LDX 


♦♦LOW FPHI GHTST5 


97CC*A004 


LDY 


♦♦HIGH FPHI GHTST5 
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Modu t e 



IMA 



97CE*26tD6S 

<j 97DI*A9E1 
97D3*Ai*«?4 
97D5*2*-5*~ 
' 97D8*A5C0 
* ?7DA*S5iA 
97DC*A5e : 
97DE*sf IB 
97E0*2O2~?8 

97E2*APS6 

?7E5*ACe4 

97E7*2C'~5?7 

?7E**A5C-C 

97EC**5!C 

97EE*A5ei 

97F8*851D 

97F2*4C2798 

97F5* 

97F5«20C966 

97F6*A?4B 

97FA*A064 

97FC*20DF67 

97FF*20FG'64 

9802*A*46 

9S04*A064 

980 6*20 6566 

980 9*28E664 

980C*280569 

980F*A950 

981 1«A864 

9813*206566 

9ei6*20D468 

9819*38 

981A*A9e0 

981C*E5DA 

9eiE*8500 

9820*A93F 

9822*E5D9 

9824*85ei 

9826*60 

9827* 
9827*A683 
^ 9829«A90F 
982B*9100 
982D*C8 
982E*A9FF 

9830* 

9830*9160 

98.32*C8 

9833*C088 

9835*D0F9 



JSR MO'v'MF ; UPPER LIMIT + 5 

LDA #L0W fploutest 
LDY flHIGK FFLOUTEf 

JSR L 1 M I TADDRCALC ; CALCULATE LOW LIMIT ADDRESS 
LDA ADDR : SAVE ADDRESS 
ST A PNT13 
LDA ADDR + I 
STA PNT13+1 

JSR LIMITDSP ; DRAW LINE 
LDA ttLOL! FPhI SHTEST 
LDY #H!GH FPHI SKTEST 

LDA ADDF. :SAv'E ADDRESS O p HIGH LIMIT 
STA PNTJ4 
LDA ADDR+1 
STA PNT14+1 

JMP LIMITDSP ;NOW DRAW LINE AND RTN 

LIMITADDRCALC 
JSR CONUPK 

♦♦LOW INT31 
#H1GH INT31 
MO'v'FM 
FSUBT 

#LOW I NT FT 55 
#HIGK INTPT55 
FMULT 
FADDH 
INT 

♦♦LOW INT64 
♦♦HIGH INT64 
FMULT 
QINT 



LDA 
LDY 
JSR 
JSR 
LDA 
LDY 
JSR 
JSP 
JSR 
LDA 
LDY 
JSR 
JSR 
SEC 
LDA 
SBC 
STA 
LDA 
SBC 
STA 
RTS 



#S86 

FACLO 

ADDR 

**3F 

FACMO 

ADDR+ 1 



LIMITDSP {DRAW DOUBLE LINE AT ADDRESS 
LDY #3 
.LDA #*8F 
STA <ADDR) f Y 
I NY 

LDA #*FF 

LIMITDSP1 
STA <ADDR> ,Y 
I NY 

CPY #8 

BNE LIMITDSP1 
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9e37*2C*7F*7 


JSR 


ADD49 


963?^ 63 


LDY 




."V ~ ■*- ft ^ 

y t- : _*i-i>t-r 




* w r 






<ADDR) ,Y 


964**C6 


1N!Y 




9c4:i , .*A?FF 


LDA 


#SF- 


9S43* 


LIH1 


TDSP2 


9e42**iee 


STA 


< ADDR? ,Y 


9845*1 £ 


I NY 




9846*cees 


CPY 


#8 


9S48*DBF9 


BNE 


LIMITDSP2 


9844**5 


RTS 





* 
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WK CLAIM: 

1. A method of calibrating an exercise device 
containing a rotating wheel and a loading device for 
applying loads to that wheel, comprising the steps of: 
5 rotating a wheel in an exercising device until the 

wheel attains at least a first predetermined rotational 
velocity; 

allowing the wheel to coast down to a second 
predetermined rotational velocity during which coasting 
10 period the loading device is not exerting loads on the 
wheel other than inherent frictional loads; 

sensing and recording the time and rotational velocity 
at periodic intervals as the wheel coasts down from the 
first velocity to the second velocity; 
15 determining the rotational mass moment of inertia of 

any components of the exercise device that rotate because 
the wheel rotates; 

performing a linear regression analysis on the 
recorded velocities and times to determine the deceleration 
20 of the wheel and rotating components as a function of 
velocity; and 

deriving the frictional load from rotation of the 
wheel and the rotating components of the exercise device 
from the formula Frictional torque equals the Mass Inertia 
25 times the Angular deceleration. 

2. A method as defined in Claim 1, wherein the 
velocity and time data are taken with the wheel rotating 
between the speeds of at least 23 miles per hour, and 5 
miles per hour, and wherein there are sufficient velocity 

30 and time readings that every 20 velocity readings are 
averaged together to form a series of velocities upon which 
the linear regression can be performed. 

3. A method as defined in Claim 1, comprising the 
further step of: 

35 computing the power required to overcome the 

frictional load from the formula: Power equals Torque 
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times angular velocity. 

4. A method as defined in Claim 1, comprising the 
further step of: 

determining the efficiency of the loading device; 
5 determining the power output of the loading device by 

comparing the efficiency of the loading device with a 
second loading device for which the power output is known; 
and 

adjusting the loading device to account for the 
10 frictional losses and the efficiency of the loading device. 

5. A method as defined in Claim 4, wherein the 
efficiency is determined by performing a linear regression 
analysis to determine the power dissipated by the loading 
device at a predetermined speed, and by performing a linear 

15 regression analysis to determine the power which the 
loading device applies to the wheel, 

6. A method as defined in Claim 4, wherein said 
loading device comprises an electrical device which exerts 
a load on the wheel where the load can be varied by varying 

20 the voltage applied to the loading device, and wherein the 
power dissipated is determined by the steps comprising: 

rotating the wheel until the wheel attains at 
least a third predetermined rotational velocity; 

allowing the wheel to decelerate to a fourth 
25 predetermined rotational velocity; 

applying a constant decelerating force from the 
electrical device in order to further decelerate the 
wheel as it decelerates from the third to the fourth 
velocities; 

30 sensing and recording both the rotational 

velocity of the wheel and the voltage output by the 
electrical device at periodic intervals of time as the 
wheel decelerates from the third velocity to the forth 
velocity; 

35 performing a linear regression analysis on the 

recorded wheel velocity and the square of the voltage 
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output from the coast down between the third and 
fourth velocities to determine the deceleration of the 
wheel and rotating components as a function of 
velocity; and 

5 wherein the power output by the loading device is 

further determined by the step comprising: 

performing a linear regression analysis on the 
velocity and on the deceleration times the velocity 
from the coast down between the third and fourth 
10 velocities in order to obtain linear regression 

constants for use in determining the power applied. 
7. A method of accurately and realistically 
simulating environmental loads in a stationary exercise 
apparatus, comprising the steps of: 
15 mounting a bicycle in a support apparatus so a rear 

tire of the bicycle rides against at least one roller; 

connecting a loading device to the exercise apparatus 
so the loading apparatus can exert a controllable load on 
the rear tire; pedaling the bicycle until the rear tire 
20 reaches a first predetermined rotational velocity; 

letting the rear tire coast down to a second 
predetermined velocity while the loading device exerts no 
loads other than its inherent frictional loads; 

sensing and recording the velocity of the rear tire at 
25 periodic time intervals as the tire coasts from the first 
velocity to the second velocity; 

determining the rotational mass moment of inertia of 
any components of the bicycle and support apparatus that 
rotate with the wheel during the coast down period; 
30 performing a linear regression analysis on the 

recorded velocities and times to determine the deceleration 
of the rear tire and rotating components as a function of 
velocity; and 

deriving the frictional load from rotation of the tire 
35 and the rotating components from the formula: Frictional 
torque equals the Mass Inertia times the Angular 



deceleration. 

8. A method as defined in Claim 7, further 
comprising the steps of: 

determining the efficiency of the loading device; 
5 determining the power output of the loading device by . 

comparing the efficiency of the loading device with a 
second loading device for which the power output is known; 
and 

adjusting the loading device to account for the 
10 frictional losses and the efficiency of the loading device. 

9 . A method as defined in Claim 8 , wherein the 
linear regression step comprises: 

performing a linear regression analysis on the 
recorded times and velocities between a third velocity and 
15 the second velocity to determine the deceleration of the 
rear tire and rotating components as a function of 
velocity, where the third velocity is between the first and 
second velocities. 

10 . A method as defined in Claim 9 , further 
20 comprising the step of: 

connecting a flywheel to the support apparatus so the 
rear tire causes the flywheel to rotate and simulate the 
inertia of a rider and bicycle , and where the mass moment 
of inertia includes the inertia of the flywheel. 
25 -11. A method as defined in Claim 10, wherein the 

loading device comprises an alternator which can exert a 
controllable load on the rear tire by controllably varying 
the voltage applied to the alternator, and wherein the 
efficiency of the alternator is determined by determining 
30 the power dissipated by the alternator and the power output 
by the alternator, the power being dissipated being 
determined by comprising the steps of: 

rotating the wheel until the wheel attains a 
fourth predetermined rotational velocity; 
35 allowing the wheel to decelerate to a fifth 

predetermined rotational velocity; 
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applying a constant decelerating force from the 
alternator in order to further decelerate the wheel as 
it decelerates from the fourth to the fifth velocity; 
sensing and recording the rotational velocity of 
5 the wheel and the voltage output by the electrical 

^ device at periodic intervals as the wheel decelerates 

from the fourth velocity to the fifth velocity; 
^ performing a linear regression analysis on the 

recorded wheel velocity and the square of the voltage 
10 to determine the deceleration of the wheel and 

rotating components as a function of velocity; and 
wherein 

the power output by the alternator is determined by 
the steps comprising: 
15 performing a linear regression analysis on the 

velocity and on the deceleration times the velocity 
in order to obtain linear regression constants for use 
in determining the power applied. 

12. An exercise device which realistically simulates 
20 the pedal resistance, body position and feel of riding a 
bicycle, including performance periods when the- user is not 
sitting on the saddle but is instead leaning over the front 
handlebars and essentially standing on the pedals, 
comprising: 

25 a stationary frame for mounting components of a 

bicycle, said bicycle including a rear wheel, a rear 
tire and a rear axle, a frame, a seat, a front fork, 
handlebars and pedals, wherein said stationary frame 
comprises: 

30 rear axle support means for connecting to 

* opposite ends of said rear axle without 

preventing rotation of said rear wheel and tire, 
a said rear axle support means constraining said 

rear axle, wheel and tire to move along a 
35 predetermined path; 

fork support means for. connecting to and 
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supporting said front fork, said fork support 
means being movable in response to a shift in the 
weight of a rider; 

a roller mounted to said frame so as to 
5 frictionally engage said rear tire of the bicycle when 

said rear axle is connected to said rear axle support 
means , said roller and said rear axle support means 
cooperating to support said rear wheel and tire when 
said rear axle is connected to said rear axle support 

10 means so as to maintain frictional contact between 

said roller and said rear tire whose axle is connected 
to said rear support means, as the weight of a rider 
is shifted toward said fork support means, so as to 
prevent slippage between said roller and said rear 

15 tire; 

flywheel means communicating with said roller to 
simulate the momentum a rider and bicycle achieve 
during actual riding of a bicycle; 

variable load-applying means communicating with 
20 said roller for applying variable loads to said roller 

to simulate variations in the load encountered during 
actual riding of a bicycle; and 

calibration means for determining the friction 
retarding the wheel from rotating so the variable 
25 load-applying means can compensate for said friction. 

13. An exercise device as defined in Claim 12 r 
wherein said rear axle support means comprises at least one 
rotatable member constrained to rotate about an axis 
substantially parallel to the rotational axis of a rear 
30 wheel of the bicycle when said wheel is connected to said 
rear axle support means. 

14 o. An exercise device as defined in Claim 12 , 
wherein said rotational axis of said rear axis support 
means and the rotational axis of said roller are located on 
35 opposite sides of a substantially vertical plane through a 
rear axle of a bicycle connected to said rear axle support 
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means . 

15 • An exercise device as defined in Claim 12, 
wherein said predetermined path is arcuate. 

16. An apparatus for use in exercising with a 
5 bicycle, comprising: 

rotatable support means for supporting a rear 
wheel and tire of a bicycle by frictionally engaging said 
tire; 

movable support means cooperating with said rotatable 
10 support means to support said rear wheel and tire, said 
movable support means constraining said rear wheel and tire 
to move along a predetermined path to bring said tire into 
frictional engagement with said rotatable support means; 

inertia means communicating with said rotatable 
15 support means to simulate momentum during actual riding of 
a bicycle; 

variable load-applying means communicating with said 
rotatable support means for applying variable loads to said 
rotatable support means in order to simulate variations in 
2.0 loads encountered during actual riding of a bicycle; and 

calibrating means to calibrate the friction in 
rotating said rear wheel so said variable load-applying 
means can compensate for said friction • 

17. An apparatus as defined in Claim 16 wherein said 
25 calibrating means further comprises means for determining 

the efficiency of said variable load-applying means so said 
load-applying means can compensate for the inefficiencies 
of said load-applying means. 

18. An apparatus as defined in Claim 17, wherein said 
20 movable support means comprises pivoting support means 

which pivot about an axis substantially parallel to the 
rotational axis of the rear wheel and tire supported by 
said support means. 

19. An apparatus as defined in Claim 17, further 
35 comprising fork support means for connecting to and 

supporting a front fork of a bicycle when the rear wheel of 
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said bicycle is supported by said rotatable support means 
and said pivoting support means, said fork support means 
being connected to said pivoting support means such that 
movement of said fork support means cooperates with said 
5 pivoting support means to maintain f rictional contact 
between said rotatable support means and said rear tire of 
said bicycle when said bicycle is supported by said 
rotatable support means and said pivoting support means. 

20* An apparatus as defined in Claim 19 , further 

10 comprising joint means on said front fork support means and 
said rear axle support means for positioning said front 
axle support and said rear axle support member in adjacent 
relationship to said frame to form a smaller, portable 
configuration of said apparatus. 

15 21. An exercise device as defined in Claim 12, further 

comprising decreased heart rate means operating when said 
person's heart rate is below a first predetermined lower 
limit in order to increase said heart rate, said decreased 
heart rate means determining whether the loads exerted by 

20 the variable load means just increased and if so whether 
said load has been unchanged for a predetermined period of 
time, said decreased heart rate means causing said variable 
load means to increase the load if the load is below a 
predetermined maximum value. 

25 22. An exercise device as defined in Claim 21 further 

comprising increased heart rate means operating when said 
person's heart rate is above a third predetermined limit in 
order to decrease said heart rate, said increased heart 
rate means determining whether the load exerted by said 

30 variable load means just increased, and if said load has 
been at an increased level for a predetermined time said 
increased heart rate means causes said variable load means 
to increase the load, said increased heart rate means 
decreasing said load exerted by said variable load means if 

35 said load has not just decreased and if said load is not 
below a predetermined value. 
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